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ABSTRACT 
Appropriate manure application rates, timing, and methods are necessary to maximize 
nutrient utilization by plants from manure, while minimizing water resource pollution 
potential. Potential pollutants, which may emanate from improperly handled and applied 
manure, include nutrients and bacteria. An initial field study focused on the movement of 
these pollutants to receiving surface and ground waters. Specifically, the impacts of 
different manure management regimes on nitrate-nitrogen (NO3-N), total phosphorus (total-
P), phosphate-phosphorus (PO4-P), fecal coliform, fecal streptococcus, and Escherichia coli 
(E. coli) concentrations in surface runoff and subsurface tile flow were examined. Eight 
swine manure treatments were compared with a control treatment where commercial urea 
ammonium nitrate (UAN) was applied. Results of this study indicate that manure application 
timing may influence annual flow-weighted average NO3-N concentrations in subsurface 
drainage water. The NO3-N concentrations in surface runoff were also influenced by manure 
treatment, while P concentrations in surface runoff and subsurface drainage were not 
influenced by manure treatment. Trends in bacterial densities in surface runoff were unclear. 
In order to fiuther investigate bacterial leaching, which was not clearly understood in 
the field study, a secondary bacteriological study was implemented using soil columns to 
monitor bacterial leaching in the subsurface following different swine manure applications. 
In this study, leachate fi-om intact 20-cm (8-inch) diameter, 30-cm (12-in) long soil columns 
receiving fall and spring manure applications at 168 kg N/ha (150 lb N/ac) and 336 kg N/ha 
(300 lb N/ac) was analyzed for bacterial densities. The soil columns were collected in sterile 
galvanized tubing using a Giddings probe and 20-cm bit adapter. Fecal coliform, 
Escherichia coli (E. coli), and enterococci densities in leachate from the columns were 
determined for four weekly irrigation events following manure application. While a positive 
trend between the manure application rate and bacterial densities in the leachate water was 
observed, this effect was not generally statistically significant at the 10% level. However, an 
interaction between the application rate and timing was observed, suggesting that an increase 
in application rate is more likely to cause greater bacterial contamination in subsurface 
drainage for spring application than for fall application. This contributed to significant 
differences between the spring 336 kg N/ha treatment and other treatments. Therefore, 
manure applied at 336 kg N/ha during the spring may contribute to bacterial contamination of 
ground water and tile drainage at a significantly higher level than fall and spring manure 
applications at 168 kg N/ha and fall applications at 336 kg N/ha. Additionally, bacterial 
densities in leachate fi-om fall manure-applied colimins, which were fi-ozen for 7 weeks 
between manure application and irrigation, declined more rapidly compared to the spring 
manure-applied columns. Bacterial densities in the leachate from fall manure-applied soil 
columns were significantly lower in comparison with bacterial densities in leachate from the 
spring manure-applied soil columns at the 10% level during the second, third, and fourth 
irrigation events. 
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CHAPTER ONE. GENERAL INTRODUCTION 
Introduction 
A recent shift toward larger hog confinement units has intensified the need for proper 
manure handling techniques. In order to void manure storage facilities and meet crop 
nutrient requirements, manure is often land applied to cropland as fertilizer. This has been 
shown to effectively improve soil tilth and increase water holding capacity, resistance to 
crusting, and resistance to compaction (Letson and GoUehon, 1996). 
Where livestock manure is land applied, the potential for fecal contamination of 
receiving waters exists. Fecal material is associated with several pathogens that pose a health 
risk to humans. Fecal pathogens that may become waterbome include: Escherichia coli (E. 
coli). Salmonella sp., Campylobacter sp., Shigella sp., Giardia, and Cryptosporidium. 
Because it is often difficult and expensive to detect these pathogenic organisms within 
reasonable detection limits, indicator organisms are used to detect fecal contamination and 
predict the likelihood of the presence of pathogenic organisms. Microbial water quality is 
usually described in terms of common indicator bacteria, such as fecal coliforms, E. coli (a 
subpopulation of fecal coliforms), fecal streptococci, and enterococci (a subpopulation of 
fecal streptococci). Bacterial water quality standards and guidelines are most often written in 
terms of colony forming units (CFU) of fecal coliform or E. coli per 100 mL water. 
Bacterial water quality determines the suitability of a water body for both drinking 
and recreational uses. Drinking water must have less than one CFU/100 mL fecal coliforms 
(zero contamination in a sample volume of 100 mL), and the maximum allowable limit for 
fecal coliforms in recreational waters (limited contact) is 200 CFU/100 mL. Current manure 
application guidelines do not prevent the introduction of pathogenic microorganisms to 
surface and ground waters (Abu-Ashour et al., 1994). Therefore, it is important to identify 
optimum manure application procedures, which can minimize bacterial pollution from land 
application while maintaining crop yield. Specific manure application parameters include 
application method, timing, and rate. It is necessary to optimize these application parameters 
to maximize manure benefit, while minimizing the pollution potential from the use of 
manure. 
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Previous studies of bacterial transport following manure applications consist largely 
of field studies. Difficulty maintaining biological control in the field often confounds field 
research efforts to the extent that significant differences among manure treatments cannot be 
identified. A field study by Culley and Phillips (1982) found that neither rate nor timing of 
manure application resulted in significant differences in fecal coliform densities in 
subsurface field drainage. Soil columns may be utilized to monitor bacterial quality of 
subsurface drain water in a laboratory setting, where biological control can be maintained. In 
a soil column study. Smith and associates found a correlation between application rate of 
Escherichia coli (E. coli) and bacterial quality of leachate from intact soil columns (1985). 
Potential pollutants, which may emanate from land-applied manure, include nutrients 
as well as bacteria. Because nitrate-nitrogen (NO3-N) poses a health threat to humans, NO3-
N levels determine suitability of a water supply for drinking uses. The current maximum 
contaminant level (MCL) for NO3-N is 10 mg/L. Nitrate-nitrogen, which is highly soluble, is 
likely to leach from manure-applied fields. Groundwater NO3-N concentration has been 
shown to increase following manure applications (Evans et al.,1984; Fleming and Bradshaw, 
1992). Phosphorus, which is often the limiting nutrient for eutrophication of surface waters, 
may also move from manure-applied fields into receiving waters. Edwards and Daniel 
(1993) found P losses to runoff following manure application. These losses increased 
linearly with manure application rate. 
While this thesis focuses primarily on bacterial movement with subsurface drainage 
following swine manure applications, the movement of nutrients to receiving surface and 
ground waters is also addressed. Specifically, the impacts of different manure application 
systems on fecal coliform, E. coli, fecal streptococcus, and enterococci densities in 
subsurface drain water, and nutrient concentrations (NO3-N, total-P, PO4-P), and bacterial 
densities in surface runoff and subsurface drain water were examined. 
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Dissertation Organization 
This dissertation is organized into five chapters. This, the first chapter, provides a 
general introduction to the materials that comprise the main thesis topic. The dissertation 
organization is described in this section and is followed by literature citation. 
In Chapter Two, a review of prior work in this area is presented in literature review 
format. The literature review addresses the pollution potential of land-applied manure, 
bacterial pollution from land-applied manure, bacterial transport to subsurface drain water, 
bacterial survival in the subsurface, indicator organisms, pathogenic organisms, and methods 
of bacterial leaching research. 
Chapter Three discusses the effects of swine manure application on water quality. 
This chapter consists of an abstract and introduction, followed by methodology, results, and 
conclusions. A list of literature cited follows. 
In Chapter Four, the effects of swine manure application on bacterial quality of 
subsurface drain water is investigated. This chapter consists of an abstract and introduction, 
followed by methodology, results, and conclusions of a study of fecal bacterial densities in 
tile drains following different manure applications . A list of literature cited follows. 
Chapter Five is a paper in journal article form that discusses the effects of swine 
manure application on bacterial quality of leachate from intact soil columns. This paper 
consists of an abstract, introduction, methodology, results and discussion, conclusions, and a 
list of literature cited. 
Chapter Six presents the general conclusions of this dissertation and is followed by 
the appendices of data. The appendices include field soils data, field manure data, field water 
quality data, and field crop data presented in Chapter Three, as well as soil colunm data 
presented in Chapter Four. 
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CHAPTER Two. REVIEW OF LITERATURE 
Pollution Potential of Land-Applied Manure 
Several previous studies have shown links between manure management and both 
nutrient and bacterial contamination of surface and ground waters. A study by Hensler et al. 
(1970) revealed that N and P losses to runoff were significantly higher where fresh manure 
was winter applied than where fermented or anaerobic liquid manure was spring applied. 
Edwards and Daniel (1993) found that P loss to runoff increased linearly with manure 
application rate. Breeuwsma et al. (1995) reported P in groundwater emanating from 
phosphorus fertilizers, including manure, on PO4-P rich soils. Groundwater NO3-N 
concentrations have also been shown to increase following manure applications (Evans et al., 
1984; Fleming and Bradshaw, 1992). Kanwar et al. (1998) reported elevated NO3-N 
concentrations in subsurface drain water from swine manure application under a continuous 
com production system. Manure management has been found to impact the level of bacterial 
contamination of both surface and groundwaters (Crane et al., 1983). In another study, 
Evans and Owens (1972) found significant increases of fecal bacterial contamination in tile 
water following swine manure applications. 
Bacterial Pollution from Land-Applied Manure 
Bacteria in land-applied manure may pollute soil and vegetation, as well as surface 
and ground waters. This pollution threatens the environment and human health. Bacterial 
pollution may impair soil when nutrient cycling and decomposition rates are altered by 
competition of manure-borne bacteria with indigenous soil bacteria (Doran, 1979). Limiting 
the quantity of manure applied to a single site can reduce buildup of introduced bacteria in 
the soil. Bacterial pollution may additionally render vegetation unsuitable for grazing. The 
rate of bacterial die-off on vegetation is impacted by manure application timing (Brown et 
al.,1980), and by pasture management (Bell and Bole, 1976). 
Surface waters are impacted by direct surface runoff, groundwater flow, and 
subsurface tile drainage that discharges to surface water. When surface waters that are used 
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for drinking water or recreational uses become impaired by bacterial contamination, a threat 
to human health exists. The greatest potential for bacterial losses to occur is associated with 
surface runoff. Implementing certain management practices can reduce this potential: 
• Land application of manure should not take place during the 72 hours prior to 
a runoff event (Crane et al., 1978). 
• Because bacteria are more likely to survive longer in cooler temperatures and 
to move from the field with runoff on frozen ground, manure application to 
frozen ground or snow cover should be avoided (Robbins et al., 1971). 
• Greater manure storage capacity allows more flexibility in timing of 
application, and can increase bacterial decimation prior to land application by 
increasing storage time. 
• Vegetative filter strips have been shown to be effective at substantially 
reducing fecal coliforms in overland flow reaching surface water (Larsen et 
al., 1994). 
• In addition to flowing water, pathogenic bacteria from land-applied manure 
may also be transmitted by wind, insects, and rodents. For this reason, 
manure should not be land applied in densely populated areas (Morrison and 
Martin, 1977). 
• Subsurface injection may greatly reduce, if not eliminate, bacterial losses with 
runoff, as compared to surface broadcast. However, this method reduces 
bacterial contact with surface soil, thereby increasing the likelihood of 
bacterial movement with subsurface drainage water. 
Bacterial Transport to Subsurface Drain Water 
Bacterial movement to subsurface drainage water may contribute to surface water 
contamination via base flow and/or artificial tile drainage, or groundwater contamination via 
bacterial leaching. When bacteria are introduced to the soil through land application of 
manure, the rate at which they reach the depth of drain tile or aquifer is of great interest. The 
leaching of viable bacteria in the subsurface, which is a function of both their movement and 
their survival, is site and organism specific, and varies with atmospheric conditions and water 
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and manure characteristics. This section addresses the factors that govern the transport of 
bacteria in the subsurface, as listed in Table 2-1. 
Table 2-1. Factors influencing the movement of bacteria in the subsurface. 
Soil Physical Soil Environment Chemical and Microbial Application 
Characteristics and Chemical Factors Methods 
Factors 
Texture temperature ionic strength technique 
particle size distribution soil water content pH of infiltrating water timing 
pore size distribution soil water flux organic matter 
organic matter microorganism type 
PH microorganism density 
bulk density microorganism dimensions 
presence of other 
organisms 
Soil characteristics 
Texture and particle size distribution affect straining processes. A study by Jang et al. 
(1983) showed straining to contribute significantly to the removal of bacteria from leachate 
where the average bacteria cell size was greater than the size of at least 5% of particles. Pore 
size may contribute to filtration removal, sedimentation of bacteria in pores, and consequent 
reduction of permeability of the soil (Peterson and Ward, 1989). 
Several soil characteristics influence bacterial sorption, and thus bacterial transport. 
Because bacteria sorb more readily to positively charged mineral surfaces than to negatively 
charged mineral surfaces (SchoU et al., 1990), mineral makeup of the soil impacts bacterial 
sorption. Organic matter can affect the surface charge and hydrophobicity characteristics of 
the base mineral (Harvey, 1991), and increase surface area and sorption sites. Properties of 
organic matter and clay particles present in soil are believed to dominate the processes 
governing microbial adsorption. Soil pH influences the pH of infiltrating water. While the 
pH effects on bacterial sorption are dependent upon soil and organism characteristics, 
bacterial retention is generally higher in neutral to acidic conditions than in alkaline 
conditions (Goldschmidt et al., 1973). 
g 
Moisture properties 
Physical moisture conditions such as soil water content, temperature and flux, impact 
bacterial transport (McCoy and Hagedom, 1979), (Yates and Yates, 1988). These factors 
influence the processes of advection and dispersion, as well as bacterial adsorption. High 
moisture content and flow rate contribute to bacterial leaching. The pH and ionic strength of 
infiltrating water impacts bacterial transport by the same mechanisms as the pH and ionic 
strength of the soil. 
Bacterial characteristics 
The density and dimensions of the microorganism affects the processes of straining 
and gravitational leaching. In saturated conditions, bacteria may become mobile through 
means of their own locomotion. This mobility depends on the type of microorganism, but 
has been shown to be a significant means of transport for motile strains of E. coli (Reynolds 
et al, 1989). A smdy by Huysman and Verstraete (1993) showed that cell surface 
hydrophobicity impacts bacterial transport. In this study, hydrophobic bacteria adhered to 
the soil more readily than hydrophillic bacteria. Cell surface charge may also play a role in 
bacterial transjjort (Sharma et al., 1985). 
Bacterial Survival in the Subsurface 
The survival rate of microorganisms introduced to soil is a function of many factors. 
Table 2-2 gives a partial summary of these factors. The relative influence of each factor 
depends on whether it is a limiting or excessive variable to bacterial survival in the soil 
microenvironment. The dominating factors tend to change throughout the year, as seasonal 
variations in factors such as light, temperature, and moisture conditions take place. The 
major controlling factors are believed to be pH, moisture, temperature, and nutrient supply. 
Extreme pH values, both high (Kovacs and Tamasi, 1979) and low (Kibbey et al., 
1978), decrease bacterial survival in the subsurface. This effect has also been observed in 
pathogens in manure slurry (Williams, 1979) and in viruses in the soil (Hurst et al., 1980). A 
study by Reddy and associates found that bacterial die-off was minimized at a pH range firom 
6-7. 
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Table 2-2. Factors influencing the survival of bacteria in the subsurface. 
Physiochemical 
Characteristics 
of Soil 
PH 
porosity 
organic matter 
texture 
temperatvu-e 
moisture 
adsorption/ filtration 
nutrients 
Atmospheric 
Conditions 
sunlight 
moisture 
temperature 
Biological 
Interactions 
competition 
antibiotics 
toxic substances 
Application Methods 
technique 
frequency 
organism density in 
manure 
Because bacterial populations are restricted to the aqueous phase and the solid-liquid 
interface, soil moisture content greatly impacts bacterial survival in the subsurface. Kibbey 
et al. (1978) found that survival rates of fecal bacteria increased with soil moisture content 
over a range of temperatures. In this study, the survival rate of fecal streptococcus was found 
to be maximum where the soil was saturated. 
At or above 4°C, lower temperatures are generally more favorable to bacterial 
survival than higher temperatures (Zibilske and Weaver, 1978). Between 5 and 30 °C, die-
off rate of fecal bacteria generally doubles with each 10°C increase in temperature (Bell, 
1976), (McFeters and Stuart, 1972). (Freeze-thaw cycles are detrimental to bacterial 
survival, although additional research is needed to further define this effect.) 
The availability of nutrients in the soil and water is paramount to bacterial survival. 
Bacteria present in manure generally have access to a high nutrient supply prior to 
application. Enteric organisms do not readily adapt to the lower nutrient availability in the 
soil environment post-application (Klein and Casida, 1967), and therefore experience die-off 
relative to the soil nutrient supply. Where organism density in manure is high, competition 
for nutrients lowers nutrient availability and bacterial survivability. Klein and Casida (1967) 
observed an increase in initial bacterial die-off where inoculum size was increased by several 
orders of magnitude. 
In some soil environments, predatory action by indigenous soil microfauna inhibits 
the survival of fecal bacterial populations in the subsurface. Additionally, competition from 
indigenous populations may hinder bacterial survival. Some organisms, which may be native 
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to application-site soils, produce antibiotics or toxic substances that can increase bacterial 
die-off. 
The method of manure application has been found to influence bacterial survival. 
Giddens and associates (1973) found that die-off rate of fecal coliform from poultry waste 
was lowered by 50% where manure was applied to the surface, rather than incorporated. The 
intensity of sunlight reaching land-applied enteric organisms influences survival rate (Gerba 
et al., 1975). Another study showed that bacterial die-off increased where organisms were in 
direct sunlight, as compared to shade (VanDonsel et al., 1967). The importance of the 
properties of the soil that manure would be incorporated, relative to the importance of 
sunlight effects must be considered. 
Indicator Organisms 
Because of the difficulty and expense involved in detecting fecal pathogens, 
researchers generally test for indicator species in order to determine extent of fecal 
contamination. Indicator organisms are not necessarily pathogenic, but are used to evaluate 
the microbial quality of a water supplies by predicting the likelihood of the presence of 
pathogenic fecal organisms. Common indicators include; fecal coliforms, E. coli (a 
subpopulation of fecal coliforms), fecal streptococci, and enterococci (a subpopulation of 
fecal streptococci). There are generally fewer false positives associated with monitoring for 
subpopulations, and subpopulations can be more source-specific than their parent 
population. Since parent populations are more numerous and therefore easier to detect at low 
levels of fecal contamination, they are sometimes preferred where contamination is quite 
dilute. 
The fecal coliform test detects all coliforms (including E. coli) that can ferment 
lactose at 44.5°C, which are found in the intestinal tracts of warm-blooded animals, and 
expelled in fecal material. Fecal coliform was identified as the best indicator of freshwater 
fecal contamination in a 1968 report by the National Technical Advisory Conmiittee of the 
Federal Water Pollution Administration. In 1986, the United States Envirotunental 
Protection Agency replaced its preferred indicator, fecal coliform, with E. coli and/or 
enterococci, based on a smdy which identifies these as superior indicators over fecal coliform 
II 
(Dufour, 1984). E. coli has been identified as a superior predictor of harmful infection to 
swimmers, as compared to fecal coliform (Francy et al., 1993). 
A fecal streptococci test is often employed as an indicator of fecal contamination, but 
because this test detects some commonly occurring bacterial strains of non-fecal origin, its 
utility is limited. Testing for enterococci, a subpopulation, may reduce this effect. 
The fecal coliform to fecal streptococcus ratio has been used to indicate contaminant 
origin. This method utilizes the differences in FC7FS ratio that exist between humans, 
livestock, and wildlife in order to determine the source of contamination. The human FC/FS 
ratio (>4.0) exceeds the domestic animal FC/FS ratio (0.1 to 0.6) and the wildlife FC/FS ratio 
(<0.1) (Geldreich, 1976). 
Pathogenic Organisms 
Fecal microorganisms that pose the greatest threat to human health include bacteria, 
protozoa, and viruses. Common fecal bacteria that are pathogenic to humans include a few 
strains of E. coli and most serotypes of Salmonella spp. (salmonella). Other pathogenic 
bacteria, such as Listeria monocytogenes (listeria) and Mycobacterium paratuberculosis (M. 
paratuberculosis) affect humans less frequently, but have the potential to cause serious 
illness. Pathogenic protozoa associated with fecal contamination include Giardia spp. and 
Cryptosporidium parvum (cryptosporiduim). Viruses, such as rotaviruses, have been 
recognized as human pathogens as well. 
While E. coli is an indicator organism, a positive culture does not necessarily indicate 
the presence of a pathogenic E. coli biovar. Most strains of E. coli are harmless, but a few 
can cause serious illness and death. Verotoxin-producing strains of E. coli, such as E. coli 
0157:H7, are of particular concern because they can persist under adverse conditions and 
also cause serious symptoms. Symptoms include hemorrhagic colitis, hemolytic uremic 
syndrome, and thrombocytopenic purpura and often cause death. Land-applied manure is 
known to have caused at least one large outbreak of E. coli 0157:H7. In this case, 
Massachusetts apple cider was contaminated by manure that had been spread under trees 
(Besser et al., 1993). 
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Salmonellae, which include many serotypes commonly foimd in livestock manure, 
are Gram-negative, rod-shaped bacteria which do not ferment lactose. The presence of 
salmonellae in rivers has been associated with livestock manure (Clegg et al., 1983). 
Salmonellae can cause nausea, vomiting, cramps, diarrhea, and arthritis in infected 
individuals, and have been observed surviving in the soil for at least 110 days (Stewart, 
1961). Additionally, salmonella cells may persist in soils for longer periods in a viable but 
non-culturable state (Turpin et al., 1993). 
Methods of Bacterial Leaching Research: Summary of Selected Studies 
Leaching of Escherichia coli 0157:H7 in Diverse Soils under Various Agricultural 
Management Practices 
In a study by Gagliardi and Kams (1999), soil cores receiving rainfall simulation 
were used to observe leaching of E. Coli Ol57:H7 through three soils under different manure 
and tillage practices. Bacterizil densities in soil and leachate from intact (simulating no 
tillage) and disturbed (simulating tillage) soil cores receiving surface inoculation of E. Coli 
0157:H7 with and without surface manure application were compared for three different 
soils. 
Soil cores were collected from a clay loam, a silt loam, and a sandy loam. Intact 
cores were collected in 177.5-mm sections of 102-mm (inside diameter) polyvinyl chloride 
(PVC) pipe. The pipe was beveled at 45° on the downward facing edge. A steel plate was 
placed over the upward facing edge and struck with a hammer until 152.5 mm of the pipe 
was driven into the soil. Each core was then excavated by removing the surrounding soil and 
cutting the bottom of the soil core cleanly from the remaining soil surface. Each core was 
placed on filter paper inside a 133-mm Buchner funnel and sealed in place. Disturbed cores 
were created by placing cylinders of the same dimension and aluminum flashing construction 
onto filter paper inside 133-mm Buchner funnels and filling the cylinders with soil that had 
been air dried and sieved through 5-mm mesh. Soil was added and tamped in 15 mm 
increments until soil depth equaled 152.5 mm. All cores were saturated from the bottom up 
by drawing reverse osmosis water through capillaiy action from the bottom of the core until 
the soil surface was wet. Disturbed cores were then removed from the alimiinum cylinders 
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and encased in cement on the vertical sides, eliminating the p>otential for preferential wall-
flow. 
The inoculum in this case was a rifamycin-resistant derivative of E. Coli 0157:H7 
strain B6914 containing plasmid pGFP with genes for green fluorescent protein and 
ampicillin resistance. Organism density in inoculum ranged from 3.015 X lO' CFU/mL. 
Manured cores received 1 mL of inoculum in 50 g of manure and non-manured cores 
received 1 mL of inoculimi directly to the soil surface. Manure and inoculum were spread 
evenly over the entire core and rainfall simulations began immediately. 
Eight rainfall simulations of 25.4 mm over a 4-hour period were performed on all soil 
cores. Simulations occurred daily for the first four days, and then every three to four days 
thereafter. Leachate was collected in sterile beakers once for each rainfall, after gravity 
drainage had ceased. Soil samples were collected after simulation at three evenly spaced 
depths and from the manure layer, if present. Samples were diluted using an isotonic saline-
phosphate buffer and plated onto selective agar. After incubation, green glowing colonies 
were counted under a long-wavelength UV light source. 
E. Coli 0157:H7 was detected in leachate from all soils at all sampling times over the 
18 days of the experiment. Densities ranged from 10^ to 10® CFU on the day of inoculation 
and from lO"* to 10^ CFU after 18 days. Intact clay cores clogged by the third day. The 
number of CFU E. Coli OI57:H7 recovered ranged from 0.64 to 30.97 times more than CFU 
E. Coli 0157:H7 inoculated, with only one treatment (intact sandy loam, no manure) having 
fewer CFU E. Coli 0157:H7 recovered than inoculated. E. Coli 0157:H7 generally 
replicated better without manure in disturbed cores and with manure for imdisturbed cores. 
Since nutrients were able to leach faster from disturbed cores, it is believed that E. Coli 
0157:H7 had to compete more with soil microflora for available nutrients, especially where 
manure was applied. Intact cores, where microsites remained, allowed E. Coli 0157:H7 to 
avoid excess predation and competition. However, there was no significant difference 
between the till and no-till treatments at the 5% level. 
Fecal Coliform Transport through Intact Soil Blocks Amended with Poultry Manure 
McMurray and associates (1998) observed spatial distribution of fecal coliform 
leaching through both tilled and untilled intact soil blocks receiving surface poultry manure 
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application. Drainage from soil blocks receiving simulated rainfall was collected in a grid of 
100 cells beneath each block and analyzed individually for fecal coliform. 
Soil blocks were extracted ft'om a Maury silt loam soil. The untilled blocks were 
extracted from an area that had been in Kentucky Bluegrass production for more than 20 
years. Three sod-covered blocks, 32.5 cm on each side, were carved by hand, encased in 
liquid polyurethane foam that was allowed to cure overnight, and extracted. The tilled blocks 
were obtained from an area that had been chisel plowed to a 12.5 cm depth £md disked. 
These were excavated according to the same method used for the sod covered blocks, but a 
metal casing was driven into the top 17 cm to hold the tilled layer in place. All soil blocks 
were kept moist to prevent drying and cracking. 
Each soil block was trimmed flush with the casing, placed onto a collection chamber, 
and sealed in place. The top of the collection chamber was a 12 X 12 grid of 144 cells. 
Ridges between the cells were embedded slightly into the bottom soil surface to prevent cross 
contamination. Each 3.05 cm square cell was tapered to a 3 mm dndnage hole. Drainage 
water would filter through a layer of sand and then glass wool before exiting through the 
hole. The outer border cells would collect water from the soil / casing interface, so no edge 
effects would be present in the inner 10X10 grid of 100 cells used for meastirements. 
Undercage poultry manure, which had been stored at 4°C for four days, was spread 
evenly to the surface of each block at a rate of 106 g (wet weight) per block, which 
approximated a 10 Mg/ha field application. 
Simulated rainfall was applied at a rate of 1 cm/h through 100 25-gauge hypodermic 
needles centered on the cell centers. Vacuum was maintained on the lower boundary of each 
plot, so as to drain pores sized from >0.15 mm to <0.6 mm. Leachate was collected in 50-
mL centriftige tubes placed beneath the drainage hole of each cell. The bottles were changed 
every 4 h for the 36-h duration of the study. Total drainage volume was quantified and fecal 
coliform distribution was determined by summing the number of fecal coliforms recovered 
from each cell and dividing by the total number of fecal coliforms. This value was recorded 
as a percentage. 
Fecal coliform distribution in drainage was found to be more spatially uniform for 
tilled blocks than for sod-covered blocks, where more preferential flow occurred. Fecal 
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coliform leaching was retarded in the tilled soil blocks, suggesting that tillage may be used as 
a management practice to slow fecal bacterial leaching. The authors further conclude that the 
potential for fecal coliforms to cause groundwater contamination by infiltrating through 
manure-amended well-structured soils during even modest rainfall exists. 
Fecai Bacteria Survival and Infiltration through a Shallow Agricultural Soil: Timing 
and Tillage Effects 
Lysimeters were used in a field study by Stoddard and associates (1998) that 
examined the effects of manure application timing and tillage practices on leaching of fecal 
coliforms and fecal streptococci. Fecal bacterial densities in leachate from plots receiving 
dairy manure applications in fall and spring under tillage and no-tillage practices were 
compared. 
Stainless steel tension-firee lysimeters were installed at the 90-cm depth. They 
measured 61 cm X 91 cm and were 25.4 cm at the deepest point (85 L). Stainless steel 
expanded metal and two sheets of wicking nylon cloth were used to prevent sediments fi-om 
entering the lysimeters while maintaining good hydraulic contact with the soil. Lysimeters 
were installed through a slot in the sidewall of an adjacent trench, so as not to disturb the 
overlying profile. A PVC access tube was installed for sample collection. An elbow joint 
prevented leachate flowing preferentially down the pipe wall from entering the lysimeter. 
Dairy manure was surface-applied before planting to spring manure plots and after 
harvest to fall manure plots. Manure, which was 20 to 35% solids, was applied at a rate of 
8.6 to 15.9 Mg/ha (dry basis). Following spring manure application, tilled plots were plowed 
to 20-25 cm and disked twice. No-tiil plots were not tilled. Plots were planted in com. Non-
manured plots received only a N fertilizer, which was top-dressed after planting. 
Leachate was collected and quantified 24 to 48 h after each leachate-producing 
rainfall. A hand-held plastic rotary pump was used to collect the samples. The sampling 
equipment, including the pump weis rinsed with deionized water prior to sampling, and the 
first 200 mL of leachate pumped for each sample was discarded. The following 500 mL of 
sample was collected and a 120 mL subsample was analyzed for bacteria. The remaining 
volume of leachate was quantified only and lysimeters were pimiped dry between rainfall 
events. 
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Results of this study indicated that fecal coliform mortality was significantly delayed 
in the spring applications versus the fall, whereas fecal streptococci mortality was 
significantly greater jn the spring. Generally, spring manure caused more bacterial leaching, 
but leachate bacterial densities were not significantly affected by timing of manure 
application. Bacterial densities were significantly higher where manure had been applied, 
versus non-manured plots, and bacteria in leachate tended to return to background levels 
within 6 men. Tillage did not significantly affect bacterial mortality rates or bacterial 
densities in leachate. 
Movement of Bacteria in Unsaturated Soil Columns with Macropores 
In a 1998 study by Abu-Ashour and associates, repacked soil columns were used to 
evaluate the effects of macropores, soil type, tillage, rainfall simulation , and initial soil 
moisture on bacterial leaching. Investigators used a tracer organism, nalidixic acid-resistant 
E. coli (E. coli NAR) to monitor bacterial movement through the soil columns. 
The soils used in this study were a silt loam having an organic matter content of 4.7% 
and a loam having an organic matter content of 0.9%. Soils were mechanically separated, 
air-dried, sieved to 2 mm, and mixed prior to soil column packing. Desired initial water 
contents were achieved through drying, wetting, and mixing. One macropore was created in 
each desired column using a 2.4-mm diameter rod held vertically in place during soil column 
packing, and then removed, leaving a void with the approximate dimensions of a typical 
macropore. Each 400-mm X 89-nim diameter plexiglass soil columns was packed to a soil 
depth of 175 mm and dry bulk density of 1.2 g/cm^. Soils were compacted in 87.5-mm 
increments, in order to ensure uniform compaction. At the bottom of each soil column, a 
perforated plexiglass disc overlaid with 38-nm stainless steel mesh provided support. Two 
ports in the bottom provided access for leachate sampling and drainage discharge. 
A 6-nim depth of E. coli NAR (10^ to 10'° CFU/mL) inoculate was applied to the 
surface of each column and outflow was quantified and analyzed for E. coli NAR. A 10-mm 
2-hour rainfall simulation was performed on some columns 24 hours after inoculation and 
leachate was again quantified and analyzed. 
Results indicated that columns without a macropore retained a high percentage of 
inoculate in the top 2 cm of soil, whereas columns with a macropore lost up to 83% of 
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applied E. coli NAR in leachate. No E. coli NAR was found in leachate from soil columns 
without macropores. Higher initial soil moisture (40-41%) exacerbated bacterial leaching, 
especially where a macropore was present. No leachate was recovered from low initieil 
moisture columns (9-10%). In columns where the top 2 cm was reworked to destroy the 
macropore inlet, downward drainage was retarded and bacterial migration was reduced. This 
effect was more noticeable on wet soils than on dry. Soil type did not notably influence 
bacterial leaching in unsaturated soil. 
Microbial Contamination of Subsurface Tile Drainage Water from Field Applications 
of Liquid Manure 
A field study employed existing tile drainage lines to monitor bacterial leaching under 
normal management practices (Joy et al., 1998). The tracer organism E. coli NAR was used 
to measure bacterial contamination of subsurface drainage reaching tile lines following 
twice-yearly liquid dziiry manure application. 
This study was performed on a loam soil with a 4% slope. The field was planted in 
com and received conventional mouldboard plow tillage. The site was artificially drained by 
100-mm vitrified clay tile on approximately 17-m spacing. Three parallel tile drains were 
equipped with access chambers consisting of vertical 900-nim plastic pipe. These access 
chambers were used to obtain water samples for bacterial analysis and quantify flow. Just 
down-gradient from the access chambers, the tiles drained into a surface ditch. 
Liquid dairy manure was inoculated with E. coli NAR and applied in spring before 
planting and in fall following harvest. Manure was spread using a deflector on the outlet 
nozzle of the tanker at a rate of 56,000 L/ha and had an initial E. coli NAR density of 7.6 X 
10^ to 1.3 X 10^ CFU/g manure. 
Densities of E. coli NAR in tile water were determined before, during and after 
manure applications. Samples were obtained from each tile line access chamber, at the point 
of discharge into the siuface ditch, and up and down stream from the discharge point. Each 
sample was 200 mL. Samples were analyzed using membrane filtration techniques and 
mTEC-NA agar. 
At no time was E. coli NAR detected in the receiving ditch upstream of the discharge 
point, but E. coli NAR was detected downstream of the discharge point. Peak levels of E. 
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coli NAR in tile water ranged from 1 to 1400 CFU/lOOmL and frequently exceeded 100 
CFU/lOOmL. Actual manure application rate did not affect E. coli NAR densities in drain 
water. 
Bacteriological Quality of Surface and Subsurface Runoff from Manured Sandy Clay 
Loam Soil. 
In another field study, Culley and Phillips (1982) examined bacterial quality of 
subsurface drain water following manure application. This six-year study compared manure 
application rates of 105, 264, and 420 M^/ha and timing schedules of spring winter, fall and 
spring / fall split. Manure treatments were compared with a commercial fertilizer treatment 
and an unfertilized control. 
The experimental plots were on a sandy clay loam soil with a 0.8% slope and were 
cropped in com. Manure was applied to spring plots prior to seeding and plowed under. 
Fall-manured plots received application after harvest and manure was again plowed under. 
Fall and spring split applications were applied in the same way. For winter-manured plots, 
manure was applied to snow-covered or frozen ground. Samples were collected in 200-mL 
sterile bottles and analyzed using membrane filtration techniques. 
The authors detected no significant differences in bacterial counts in subsurface 
discharge between spring, fall, and spring-fall split manure application, and no significant 
differences between application rates. Winter manure applications resulted in higher fecal 
streptococcus counts in subsurface discharge, as compared to fall and spring manure 
applications. 
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CHAPTER THREE. EFFECTS OF SWINE MANURE APPLICATION ON 
WATER QUALITY 
A paper to be submitted to the Transactions of the ASAE for publication 
E.A. Wamemuende, R.S. Kanwar, J.L. Baker, S. Mickelson, J. Lorimor, and S.W. Melvin 
Abstract 
Appropriate manure application rates, timing, and methods are necessary to maximize 
nutrient utilization by plants from manure, while minimizing water resource pollution 
potential. Potential pollutants, which emanate from improperly applied manure, include 
nutrients. This smdy focused on the movement of these pollutants to receiving surface and 
ground waters. Specifically, the impacts of different manure management regimes on 
nitrate-nitrogen (NO3-N), total phosphonis (P), phosphate-phosphorus (PO4-P), 
concentrations in surface runoff and subsurface tile flow were examined. Eight swine 
manure treatments were compared with a control treatment where commercial urea 
ammonium nitrate (UAN) was applied. Results of this smdy indicate that manure application 
timing influences annual flow-weighted average NO3-N concentrations in subsurface 
drainage water, although these differences are not detectable on an annual basis at the 5% 
level. The NO3-N concentrations in surface runoff were also influenced by manure 
treatment, while phosphorus concentrations in surface runoff and subsurface drainage were 
not influenced by manure treatment. Crop yields were minimally impacted by manure 
treatment, especially in the first two years of manure application. 
Introduction 
A recent shift toward larger hog confinement units has intensified the need for projier 
manure handling and application techniques. The manure, which is often land applied to 
cropland as fertilizer or soil conditioner, has been shown to effectively improve soil tilth and 
increase water holding capacity, resistance to cmsting, and resistance to compaction (Letson 
and Gollehon, 1996). Appropriate manure application rates, timing, and methods are 
necessary to maximize benefits from the manure, while minimizing pollution potential. 
Potential pollutants, which may emanate from improperly handled manure, include nutrients. 
23 
This paper focuses on the movement of these pollutants to receiving surface and ground 
waters. Specifically, the impacts of different manure application systems on nutrient 
concentrations (nitrate - nitrogen (NO3-N), total phosphorus (total-P), and phosphate-
phosphorus (PO4-P)) in surface runoff and subsurface drain water are examined. 
Several previous smdies have shown links between manure management and nutrient 
contamination of surface and ground waters. A study by Hensier et al. (1970) revealed that 
nitrogen (N) and phosphorus (P) losses to runoff were significantly higher where fresh 
manure was winter applied than where fermented or anaerobic liquid manure was spring 
applied. Edwards and Daniel (1993) found that P loss to runoff increased linearly with 
manure application rate. Breeuwsma et al. (1995) reported P in groundwater emanating from 
P fertilizers, including manure, on PO4-P rich soils. Groundwater NO3-N concentrations have 
also been shown to increase following manure applications (Evans et al. ,1984; Fleming and 
Bradshaw, 1992), Kanwar et al., (1998) reported elevated NO3-N concentrations in 
subsurface drain water from swine manure application under a continuous com production 
system. 
Project Objectives 
The primary objective of this project is to identify the optimum swine manure application 
rate, timing, and method, in order to minimize the nutrient pollution potential on surface and 
ground water quality, while maintaining crop yields. Specific objectives are: 
1. To determine the rate effect of the reconmiended amount of manure based on nitrogen 
(N) planning and a yield goal of 9.8 Mg/ha (155 bu/ac) in a com-soybean rotation 
(I68kg-available N/ha (150 lb N/ac)), and over-application (336 kg-available N/ha (300 
lb N/ac)) of liquid swine manure on surface and groundwater quality relative to the use of 
the recommended amount (168 kg N/ha) of commercial nitrogen fertilizer. 
2. To study the long-term effects of late winter broadcast, and spring and fall inject methods 
of liquid swine manure application on nitrogen and phosphorus concentrations in surface 
runoff and shallow groundwater. 
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3. To develop an improved liquid manure applicator for uniform and accurate application of 
swine manure (injection/incorporation) with no adverse effects on crop yields and lest its 
use for water quality enhancement. 
4. To provide input in overall development of recommended management practices to 
reduce the water contamination potential from manure applications and to enhance the 
use of swine manure as an alternative to inorganic fertilizers for Iowa's agriculture. 
Experimental Site Description 
Location 
The experimental site is located at the Iowa State University's Agronomy and 
Agricultural Engineering Research Center west of Ames, Iowa (Figure 3-1). 
Boone 
Ankeny 
Marshalltown 
16 km 
Figure 3-1. Location of the experimental site for the swine manure impact study. 
25 
Physical Characteristics 
The experimental site is located on Clarion loam soil, in the Clarion — Nicollet -
Webster Soil Association. The soil is generally well drained and suited to cultivated crops. 
The bulk density of on-site Clarion loam is approximately 1.4 g/cm^ at the 0 to 69-cm depth. 
The soil sampling procedures are presented in the following section. The area receives an 
annual average of 82.5 cm of precipitation, with about 55.0 cm occurring during the spring 
and summer months. 
Methodology 
Experimental Site Preparation 
During early October of 1995, the experimental site for this study was selected. This 
site was surveyed and a topographic map of the area was prepared. The area was extensively 
probed in order to locate existing subsurface drains, which were installed in 1960. After tile 
probing, some of the existing tile lines in the experimental area were re-routed so that new 
subsurface water quality monitoring systems for each individual experimental plot for this 
study could be established. 
Experimental Treatments 
Eight manure treatments were compared with a commercial N treatment of 168 kg 
N/ha (150 lb N/ac) as liquid urea ammonium nitrate (UAN) (Figure 3-2). Because a 
producer is likely to fertilize regardless of manure supply, this experimental design was 
chosen in order to provide the basis for comparison between manure treatments and the 
alternative commercial N treatment (used as a check treatment). Experimental treatments 
were divided into three application schedules: fall, late winter, and spring. Manure was 
injected in the fall using the standard injection and new slot injection methods. In late 
winter, manure was broadcast onto frozen ground. In the spring, manure was injected using 
the standard injection method. For each manure treatment, one plot received a recommended 
application rate of 168 kg N^a, while another received a double application rate of 336 kg 
N/ha. Liquid UAN was incorporated on the commercial plots in the spring at the time of 
planting. 
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Treatments 
Timing 
Method 
Rate 
Spring Late Winter Fail 
Inject 
(standard) 
Inject 
(standard) 
168 
kg N/ha 
168 
kg N/ha 
336 
kg N/ha 
336 
kg N/ha 
Incorporate Broadcast 
168 
kg N/ha 
(UAN) 
336 
kg N/ha 
336 
kg N/ha 
168 
kg N/ha 
Inject 
(new slot) 
168 
kg N/ha 
Figure 3-2. Experimental treatments on timing, rate, and method of swine manure 
application. 
Experimental Layout 
The study site was divided into three experimental blocks each having nine treatment 
plots (Table 3-1), to accommodate three replications of the commercial fertilizer treatment 
and eight manure treatments. The resulting 27 individual plots were arranged in a 
randomized block design (Figure 3-3). 
Table 3-1. Experimental Treatments 
Treatment Treatment Application Application Application Rate 
Identification Abbreviation Timing Method (kg N/ha) 
Spring UAN CTL Spring (UAN) Incorporate 168 
Fall Inject IX HI Fall Inject 168 
Fall Inject 2X FI2 Fall Inject 336 
Fall New IX FNl Fall New Slot Inject 168 
Fall New 2X FN2 Fall New Slot Inject 336 
Broadcast IX WBl Late Winter Broadcast 168 
Broadcast 2X WB2 Late Winter Broadcast 336 
Spring Inject IX SIl Spring Inject 168 
Spring Inject 2X SI2 Spring Inject 336 
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Re-p 
/ 
Figure 3-3. Experimental layout of plots for 9 treatments and 3 replications. 
Experimental Plot Design 
Each experimental plot was 7.6 meters wide, to accommodate an annual rotation of 5 
rows of com in half the plot and 5 rows of beans in the other half, and 22.9 meters long. 
Each plot was equipped with both subsurface drainage and surface runoff collection systems. 
Collection systems were gravity fed to the end of each plot. All plots were surrounded by 
earthen berms, to prevent overland flow and subsequent cross contamination between plots. 
Figure 3-4 shows a schematic of the experimental plot. 
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f 
7.6 m i 
ii 
subsurface flow collection tile line 
5 rows com 
5 rows beans 10.7 m 
22.9 m 
slotted pipe for runoff collection 
, 15 cm dia. 
runoff collection tank 
3.3 m dia. 
\ subsurface drainage 
collection sump 
37.5 cm dia. 
Figure 3-4. Schematic diagram of an experimental plot (aerial view). 
Instrumentation 
Subsurface Drainage and Monitoring System 
Subsurface drainage was collected through corrugated plastic subsurface tile lines, 
which were installed at a 1.2 m depth and 10.7 m in length into the field (Figure 2). They 
were positioned in the middle of each plot and perpendicular to the contour. Each tile line 
drained into a vertical 37-5-cm diameter PVC collection sump at the end of each plot. The 
collection system dimensions were designed to yield a representative sample at a manageable 
flow volume. Electric sump pumps were installed in each collection sump, which operated 
automatically on a float mechanism to pump subsurface flow from each plot through an 
orifice tube. Orifice plates diverted 0.2 percent of the total subsurface drainage into 3.78 liter 
glass sampling bottles. Thus, samples were composited over the period of flow, and total 
subsurface flow from each plot could be calculated using the volume of diverted flow in the 
sampling jar. 
Surface Runoff Monitoring Units 
Surface runoff was collected from the plots through 15-cm slotted PVC pipes 
installed at the downslope end of each plot. Runoff was then carried from the collection pipe 
into a 15-cm solid PVC transmission pipe, which drained runoff water into a 0.67 x 3.33-
meter circular storage tank until water samples were collected for nutrient analysis. These 
tanks were covered with domed tarps to preclude direct precipitation, wind blown particles. 
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small animals, and other contaminants. Grassed waterways separate the three replicated 
plots. Earthen berms across the top of the plots were built to prevent mnoff into the plots. 
Likewise, berms built between the plots prevent surface runoff transfer among treatments. 
Sampling and Analysis 
Nutrient 
In 1996 and 1997, subsurface drainage samples were collected in 16 x 125-mm test 
tubes and refrigerated at 3.3 °C (38°F). These samples were analyzed according to EPA 
Method 353.2 for NO3-N + NO2-N at the Agriculmral and Biosystems Engineering Water 
Quality Laboratory using a Technicon Autoanalyzer n. Duringl998 and 1999, subsurface 
drainage samples were composited by automatic electric sump pumps with orifice plates, 
which diverted 0.2 percent of the total flow into sampling bottles. These samples were 
collected in 250-mL plastic screw cap sample bottles and quantified weekly. In addition, 
subsurface drainage was sampled and quantified immediately following periods of no flow, 
and immediately following runoff events. Nutrient samples were analyzed according to EPA 
Methods 353.2, 365.2, and 365.4 for NO3-N, PO4-P, and total-P, respectively. 
Surface runoff was collected from the plots through 15-cm slotted PVC pipes 
installed at the downslope end of each plot. Runoff was then carried from the collection pipe 
into a 15-cm solid PVC transmission pipe, which drained runoff water into a 0.67 x 3.33-m 
circular storage tank until water samples were collected for nutrient analysis. Immediately 
following a runoff event, the contents of each tank were stirred to ensure representative 
sampling, and samples were collected for nutrient analysis. Nutrient samples were collected 
in 500-mL plastic sample bottles. The tanks were then pumped dry in preparation for the 
next event. Runoff was quantified during pumping. 
Soil Sampling 
Prior to implementation of manure and fertilizer treatments, soil samples were 
obtained to determine pH, physical characteristics, and initial NO3-N content. Soil was 
sampled for pH and nutrient and organic matter contents prior to fall maniu'e applications 
annually. All soil data are presented in Appendix A. 
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Samples of the top 15 cm of surface soil were taken from the three replications of 
plots for pH determination. The average pH of 5.2 was found in this field, although the pH 
range was from 5.12 to 5.30. To raise the pH of the soil, lime (with an ECCE of 1108) was 
surface applied at a rate of 9000 kg/ha (4.0 tons/ac) to all 27 plots. 
Soil samples for physical characteristic determination were taken from a randomly 
selected location within each of the 27 plots at three depths in the soil profile: 0-8 cm, 30-38 
cm, and 61-69 cm. To obtain the 27 cores, backhoe trenches were made and an 8 x 8 cm 
sampler was used to pull the cores from the walls of the nearly undisturbed backhoe trenches. 
These samples were frozen until they were analyzed for bulk density and texture. Saturated 
hydraulic conductivity was measured using the constant head permeameters. 
One "background" 5 x 90-cm core from a soybean plot of each replication was 
obtained for initial soil profile nitrogen determination. A Gidding's probe sampler was 
utilized to remove the cores. Cores were capped and stored in a freezer until they were cut 
into 15-cm and 30-cm sections and composited for NO3-N analyses. 
Soil pH and nutrient and organic matter contents were determined from samples taken 
by hand with a 3 x 30-cm sampling probe from each plot prior to fall manure applications 
each year. 
Plant sampling for nitrate stalk test 
Stalk samples were taken from each treatment for N content analysis. These com 
stalk samples were taken prior to harvest, just after the kernels had formed a black layer. The 
stalk samples were taken randomly across the plots and were analyzed for NO3-N 
concentrations. 
Manure Application 
Design and Development of Swine Manure Applicator 
Because this research required a degree of application uniformity and accuracy above 
that which could be provided by manure applicators currently on the market, the research 
team designed and built a new manure applicator for this study (Figure 3-5). The main goal 
of the applicator design was the ability to accurately determine the application rate and 
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volume of manure applied to the plots. This was essential in order to effectively evaluate the 
surface and subsurface losses of pollutants from the treated plots. 
Supply Tank 
Shulof f"  Valve  
Flexible Hose 
Figure 3-5. Schematic of manure applicator. 
The main components of the applicator were two cast iron progressive cavity pumps 
(Roper 71228) with hard chrome plated alloy internals. These power take-off (PTO)-driven 
pumps were chosen for their abilities to meter manure precisely and handle solid particles up 
to 2 cm in diameter. Running at 700 rpm, each pump conveyed 41 m^/h (180 gpm). Two 
pumps were used in the final design. The pumps were mounted on a steel chassis with a dual 
walking tandem adjustable wheel base. The frame for this chassis was constructed with 10-
cm (4-inch) square steel tubing, and each axle had a 5400-kg (12,000 lb) load rating. The 
wheels were spaced on 229-cm (90-in) centers, such that they could straddle three 76-cm 
(30-inch) rows. The pumps were supplied with liquid manure from a 3506-L (925-gallon) 
polyethylene tank. During application, the manure was recirculated for mixing within the 
tank using a 3729-W (5-HP) trash pump. Five-centimeter (2-inch) solid hose was used for 
this recirculation. Each pump was used to supply manure to one knife at a time. Shutoff 
valves located between the pump and each shank ensured that each pump supplied manure to 
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only one shank at a time. Manure was supplied to the shutoff valves using non-collapsible 
hose and PVC tubing. Collapsible hose was used to convey manure from the shutoff valves 
to the application tubing behind each shank. Each shank and knife could be raised and 
lowered using hydraulic cylinders (20-cm (8-inch) stroke, 8-cm (3-inch) bore, 7.5 kPa (2500 
psi)) driven by the tractor hydraulic system. 
Calibration of Swine Manure Applicator 
The applicator was calibrated prior to manure application, using water as the 
calibrating fluid. Pumps were calibrated individually. Once the tractor was up to steady 
engine speed, the flow meter and stopwatch readings were simultaneously recorded. Outflow 
was collected in a 1895-L (5(X)-gallon) tank. Once this tank was near full, final flow meter 
and stopwatch readings were taken, and the tractor was slowed and the pumps shut off. The 
outflow was pumped back into the applicator tank and the process was repeated for different 
engine speeds. Engine speeds of 1000, 15(X), 18(X), and 2150 (PTO speed) rpm were tested. 
The levels of liquid swine manure in the tank before and after applications were monitored to 
confirm the accuracy of the calibration. Table 3-2 gives data on the calibration of the manure 
applicator for runs 1 and 2. 
Table 3-2. Initial Manure Applicator Calibration Data. 
Run 1 
Engine Flow meter 
Speed Reading 1 Reading 2 Volume Volume Time Flow rate 
RPM ft^ ft^ ft^ min mVmin 
1000 108100 108150 50 1.42 3.65 0.39 
1500 108170 108210 40 1.13 1.98 0.57 
1800 108235 108270 35 0.99 1.45 0.68 
2150 108290 108330 40 1.13 1.42 0.80 
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Table 3-2 continued. 
Run 2 (Hoses switched) 
Engine Flow meter 
Speed Reading 1 Reading 2 Volume Volume Time Flow rate 
RPM ft^ ft^ min mVmin 
1(XX) 108340 108400 60 1.70 3.65 0.47 
1500 108410 108460 50 1.42 1.98 0.72 
1800 108475 108525 50 1.42 1.45 0.98 
2150 108540 108585 45 1.27 1.42 0.90 
Manure Management Plan 
A manure management plan, based on nitrogen, was developed to determine the manure 
application rates. The following criteria were used to develop the plan (Table 3-3); 
Table 3-3. Manure application rate calculation criteria. 
Com yield goals (Mg/ha), (bu/acre) 9.8 155 
Soybean yield goals(Mg/ha), (bu/acre) 2.7 40 
Nitrogen credit from soybeans (g-N/kg soybeans), (Ib/bu) 16.7 1 
Nitrogen required for com (g-N/kg com), (Ib/bu) 21.8 1.22 
Nitrogen volatilization loss (surface broadcast) (%) 30 30 
Nitrogen volatilization loss (subsurface injection) (%) 5 5 
First year nitrogen availability (%) 75 75 
Prior to each manure application, rates were determined using data from pre 
application manure analysis. Manure was also sampled directly from the injector just prior to 
application on each plot in order to confirm the accuracy of application. These data are given 
in Appendix B. 
Example procedure for 1996 winter application: 
Liquid swine manure from the Swine Nutrition Management Research Center 
(SNMRC), just 3.2 km (2 mi) west of Ames, was obtained to apply to the plots. This manure 
was obtained from the reception pit two days prior to application. After considerable 
recirculation/mixing, triplicate samples were taken to determine the approximate total 
nitrogen content of the manure. The average of the total Kjeldahi nitrogen analysis, done by 
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Iowa Testing Laboratory at Eagle Grove, was 0.473% nitrogen (39.4 pounds per 1000 
gallons). Using this estimate, a nutrient management plan was developed as follows: 
9.8 Mg/ha X 21.8 g-N/kg-com - (2.7 Mg soybeans X 16.7 g-N/kg-soybeans) 
= 168 kg-available N/ha needed 
168 kg N/ha / 0.70 / 0.75 = 320 kg N/ha application needed 
before losses are deducted 
320 kg N/ha / 4.68 kg N per m^ = 68.38 m^/ha manure needed 
7.5 m X 2.5 m / lOCXX) m"/ha = 0.0169 ha plot area 
0.0169 ha X 68.38 m^/ha = 1.15 m^ manure required for 1X 
2.31 m^ manure required for 2X 
Application Procedures 
Liquid swine manure from the ISU Swine Nutrition Farm was obtained using a 
Better-Bilt 12886-L (34(X)-gallon) vacuum tank. The liquid manure was agitated using a 
5966-W (8-HP) trash pump and three samples were obtained every 20 min over a 1-h period 
for analysis. The three samples were analyzed at the Iowa Testing Labs for determining the 
application rate. Data for all manure samples are given in Appendix B. After manure 
analyses were obtained and applications rates calculated, applications took place. 
For the winter surface broadcast application, a hose cormected to a "T" fitting on the 
trash pump was used to fill a broadcast application tank during recirculation. A graduated 
polyethylene spray tank was used with a Banjo pump to apply the manure volume to within 
an accuracy of 5 percent. The manure was broadcast manually using the Banjo pump and a 
7.6-cm (3-in) hose with a 2.5-cm (1-in) reducer on the end. Manure was uniformly broadcast 
on each plot until the calculated volume was applied. This application procedure was 
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representative of management used by many producers to avoid soil compaction. It was 
completed late in the winter after any snow had melted, but while the soil was still frozen. 
For the inject treatments, manure was injected in two passes of each plot. During the 
first pass, the middle two knives were fed by the two pumps for applying the first half of the 
volume for the predetermined application rate. While applying manure using the two middle 
shanks, the outer two shanks were inactive and in a raised position. Afterwards, the middle 
shanks were raised and the outer two shanks were used to apply the second half of the 
manure during a second pass. This order of operation reduced soil compaction and tire 
slippage. Grab samples of the liquid manure (integrated over the time of application) were 
also taken as the manure was being applied. One integrated sample was collected for each 
replication of each treatment. These samples were also analyzed at the Iowa Testing Lab and 
analysis data are given in Appendix B 
Results 
Subsurface Drain Water 
Precipitation and Subsurface Drain Water (Tile Flow) 
Figure 3-6 summarizes the weekly rainfall and subsurface drain flow data recorded 
from June 9 to August 3, 1996. As expected, a lag exists between rainfall and infiltration 
into tile lines. Several large storms throughout the summer months kept tiles flowing and 
provided samples for NO3-N analysis. 
Figures 3-7, 3-8, and 3-9 summarize the rainfall and subsurface drain flow data for 
1997, 1998, and 1999 respectively. Note that rainfall in 1997 tended to be more frequent and 
less intense than the previous year, while tile flow tended to be heavier. It is possible that the 
more frequent and less intense rainfall in 1997 had more time to infiltrate, causing more 
subsurface drainage than the previous year. Tiles flowed for a greater duration in 1998 than 
the previous year, but incremental flow volumes seemed comparable. 
Although rainfall was higher in 1999 than the previous year, tile drainage decreased 
slightly from 1998. Since much of the rainfall in 1999 occurred after crop emergence, crop 
moisture demands may account for the low response in tile flow to increased rainfall. For 
much of the early spring of 1998, tile flow exceeded rainfall, indicating high initial soil 
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moisture content due to prefreeze moisture during the previous year and snow melt. 
Subsurface drainage depths rarely exceeded rainfall depths in 1999, due to lower initial 
moisture conditions and distribution of rainfall over time. Disturbance effects observed from 
the time of project initiation are thought to have diminished substantially by the 1999 flow 
season. 
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Fig;ure 3-6. Average tile flow and rainfall depths in 1996. 
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Figure 3-7. Average tile flow and rainfall depths in 1997. 
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Figure 3-8. Average tile flow and rainfall depths in 1998. 
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Figure 3-9. Average tile flow and rainfall depths in 1999. 
Nutrient Concentrations in Subsurface Drain Water 
All water quality data can be found in Appendix C. Figure 3-10 provides a summary 
of 1996 NO3-N concentrations in subsurface drainage as a function of time. This figure 
indicates that method and time of application did not generally cause any immediate major 
impact on NO3-N concentrations in subsurface drain water. However, response of NO3-N 
concentrations in subsurface drain water to manure application were most notable in the 
winter broadcast treatments in comparison to inject methods of manure applications. The 
trends for each treatment were similar. Peaks and valleys occurred in a parallel manner and 
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Figure 3-10. Average NO3-N concentrations in subsurface drain water during 1996. 
an overall decline in NO3-N concentration with time was evident. No treatment had 
significantly higher concentrations of NO3-N in subsurface drain water. The spring inject 
single rate treatment, however, had somewhat higher NO3-N concentrations than the other 
single rate treatments near the end of the drainage season. While NO3-N concentrations in the 
subsurface drain water were higher in double-rate winter broadcast application, the double-
rate spring injection had unexpectedly lower NO3-N concentrations than the single-rate 
spring injection. One explanation could be a possible sealing effect from the force of 
injection. Macropore flow may further account for contamination of subsurface drain water 
by the broadcast application. In addition, this was the first year of the study, soil disturbance 
from sample drain tile installation, and an initial flushing of the soil may have impacted the 
results. 
In comparison to commercial nitrogen application at 168 kg N/ha, the manure 
applications caused higher NO3-N concentrations where it was broadcast, and lower NO3-N 
concentrations where it was spring injected. However, manure applications did not generally 
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result in immediate major impacts to NO3-N concentrations in subsurface drain water in 
excess of those resulting from commercial nitrogen applications. 
During 1997, flow-weighted average NO3-N concentrations were consistently highest 
in subsurface drainage where manure had been spring injected at a rate of 336 kg N/ha 
(Figure 3-11). Nitrate-nitrogen concentrations were consistently lowest where the slot-inject 
system had been employed. 
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Figure 3-11. Average NO3-N concentrations in subsurface drain water during 1997. 
Nitrate-nitrogen concentrations in subsurface drainage were significantly higher with 
double-rate spring injection than the commercial nitrogen treatment. All other treatments 
were statistically similar to the commercial UAN at 168 kg N/ha treatment at the a = 0.05 
level. Although not statistically significant, the winter broadcast and spring inject treatments 
yielded higher NO3-N concentrations in subsurface drainage at the 336 kg N/ha rate than at 
the 168 kg N/ha rate, while the fall treatments did not (Table 3-4). The fall slot inject plots 
yielded similar NO3-N concentrations at both application rates. These concentrations were 
the most comparable to those produced by the commercial UAN treatment and were slightly 
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lower than those produced by the other treatments. The fall inject 336 kg N/ha treatment 
actually resulted in slightly lower NO3-N concentrations than the fall inject at 168 kg N/ha. 
Application rate seemed to influence concentrations more for the winter and spring 
treatments than for the fall treatments. One possible cause for this is that the periods of 
heaviest snow melt and rainfall occurred during the weeks following the winter and spring 
applications, whereas a longer time period passed between fall applications and heavy snow 
melt or rainfall. Overall, the rate effect was not significant (Table 3-5). Application method 
effect was also not statistically significant, whereas the timing effect was significant (Tables 
3-6 and 3-7). No significant differences in PO4-P concentrations in subsurface drainage were 
found between treatments (Table 3-4). Because P is relatively insoluble, it is not surprising 
that manure treatment did not significantly impact PO4-P levels in subsurface drainage. 
Table 3-4. Annual average (flow weighted) nutrient concentrations in subsurface 
drain water for 1997 as a function of various treatments. (Similar letters 
indicate the treatment effects are not significantly different at a=0.05.) 
Treatment NO3-N +NO2-N PO4-P 
(mg/L) ^ig/L 
Spring UAN, 168 kg N/ha 7.4b 29a 
Fall Inject, 168 kg N/ha 9.8b 25a 
Fall Inject 336 kg N/ha 7.9b 2Ia 
Fall Slot Inject, 168 kg N/ha 7.3b 20a 
Fall Slot Inject 336 kg N/ha 6.9b 31a 
Winter Broadcast 168 kg N/ha 7.8b 17a 
Winter Broadcast 336 kg N/ha 9.8b 20a 
Spring Inject 168 kg N/ha 9.0b 29a 
Spring Inject 336 kg N/ha 11.9a 17a 
Nitrate-nitrogen concentrations in subsurface drainage from manure plots fluctuated 
greatly during 1998 (Figure 3-12), and did not exhibit any apparent increase or decreasr over 
time. The highest spikes in NO3-N concentration were observed in the double-rate spring 
inject and double-rate fall slot inject treatments, and all treatments yielded subsurface 
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Table 3-5. Annual average (flow-weighted) nutrient concentrations in subsurface 
drain water for 1997 as a function of application rate. (a=0.05) 
NO3-N +NO2-N PO4-P 
Rate mg/L Hg/L 
168 kg N/ha 9.1a 24a 
336 kg N/ha 8.3a 24a 
Table 3-6. Annual average (flow-weighted) nutrient concentrations in subsurface 
drain water for 1997 as a function of application method. (a=0.05) 
NO3-N +NO2-N PO4-P 
Method mg/L ^g/L 
Inject 9.6a 23a 
Broadcast 8.8a 19a 
Table 3-7. Annual average (flow-weighted) nutrient concentrations in subsurface 
drain water for 1997 as a function of time of manure application. (a=K).05) 
NO3-N +NO2-N PO4-P 
Timing mg/L fAg/L 
Spring 10.4a 23a 
Fall 8.0b 25a 
drainage NO3-N concentrations above the maximum contaminant limit for drinking water of 10 
mg/L NO3-N throughout most or all of the drainage season. The control treatment of 168 kg N/ha 
liquid UAN resulted in notably lower NO3-N concentration in subsurface drainage, esp)ecially after 
April, as compared to the manure treatments (Figure 12). The average NO3-N concentrations in 
subsurface drain water were highest where manure had been injected during spring at a rate of 336 
kg N/ha. Overall, the spring inject double-rate treatment yielded a flow-weighted average NO3-N 
concentration of 19.5 mg/L for subsurface drain water during 1998 (Table 8), although there were 
no significant differences between treatments at the 5% level. Because spring application occurs 
more closely prior to the period of rainfall, NO3-N may be more likely to leach from spring 
application plots. 
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Figure 3-12. Average NOa-N concentrations in subsurface drain water during 1998. 
Table 3-8. Annual average (flow weighted) nitrate concentrations in subsurface 
drain water for 1998. 
Treatment NO3-N +NO2-N 
(mg/L) 
Spring UAN, 168 kg N/ha 11.0a 
Fall Inject, 168 kg N/ha 16.5a 
Fall Inject 336 kg N/ha 15.2a 
Fall Slot Inject, 168 kg N/ha 12.3a 
Fall Slot Inject 336 kg N/ha 17.9a 
Winter Broadcast 168 kg N/ha 12.6a 
Winter Broadcast 336 kg N/ha 16.9a 
Spring Inject 168 kg N/ha 15.4a 
Spring Inject 336 kg N/ha 19.5a 
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On average, ibe double-rate manure applications resulted in higher NO3-N 
concentrations than single-rate applications (Table 3-9). Nitrate-nitrogen was found in 
higher concentrations in subsurface drain water where manure had been injected rather than 
surface broadcast (Table 3-10). Manure which is surface broadcast in winter may be more 
likely to run off, thereby contributing less to subsurface drain water through leaching- Fall 
injection resulted in higher NO3-N concentrations in subsurface drain water, as compared to 
spring applications (Table 3-11). This result was unexpected, due to over-winter N losses. 
There were no significant rate, method, or timing effects to NO3-N concentrations at the 5% 
level. Phosphate data are not included for 1998, as laboratory analyses are not yet complete. 
Table 3-9. Annual average (flow weighted) nutrient concentrations in subsurface 
drain water for 1998 as a function of application rate. (a=0.05) 
NO3-N -1-NO2-N 
Rate mg/L 
168 kg N/ha 14.2a 
336 ka N/ha 17.1a 
Table 3-10. Annual average (flow weighted) nutrient concentrations in subsurface 
drain water for 1998 as a function of application method. (a=0.05) 
NO3-N +NO2-N 
iMethod mg/L 
Inject 16.1a 
Broadcast 14.5a 
Table 3-11. Annual average (flow weighted) nutrient concentrations in subsurface 
drain water for 1998 as a function of time of manure application. (a=0.05) 
NO3-N -t-NOa-N 
Timing mg/L 
Spring 15.3a 
Fall 18.0a 
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Snowmelt runoff^ and spring subsurface drainage 
Nutrient concentrations in snowmelt runoff and spring subsurface drainage are given 
in Tables 3-12 and 3-13, respectively. At the time of snowmelt, all the plots had had one 
application of manure in the past year. As exjiected, concentrations of NO3-N, which is 
highly soluble, were much higher in spring subsurface drainage than in surface snowmelt 
runoff, while concentrations of the less soluble nutrients PO4-P and total-P, and NKj-N and 
TKN, were higher in surface runoff than in subsurface drainage. The NO3-N concentrations 
in spring subsurface drainage were similar to corresponding concentrations observed during 
the latter part of the previous fall. Neither the single nor the double available-N rates 
resulted in nutrient concentrations notably different from those from the UAN control plots. 
Only the fall slot inject treatments resulted in higher nutrient concentrations. Both N (NH4-N 
and TKN) and P (PO4-P and total-P) had slightly elevated concentrations as compared with 
the liquid UAN treatment. 
Table 3-12. Nutrient concentrations in snowmelt runo^. 
Sampling Treatment NO3-N NKt-N TKN* PO4-P Total-P"' 
Date mg/L 
UAN 168 kgN/ha 0.52 0.40 0.97 0.09 0.10 
Fall Inject IX 0.66 0.70 2.00 0.02 0.10 
Fall Inject 2X 0.56 0.20 0.91 0.04 0.11 
Fall New Inject IX 0.37 2.96 6.53 1.29 1.62 
Fall New Inject 2X 0.49 2.47 5.61 4.12 4.30 
Winter Broadcast IX 0.62 0.44 1.46 0.15 0.17 
Winter Broadcast 2X 0.53 0.57 1.35 0.11 0.16 
Spring Inject IX 0.76 0.71 1.46 0.13 0.18 
Spring Inject 2X 0.73 0.97 2.41 0.18 0.21 
TKjN is total Kjeldahl nitrogen and includes NHJ-N. 
* Total-P includes PO4-P. 
' Data not available. 
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Table 3-12 continued. 
Sampling Treatment 
Date 
NO3-N NH4-N TKN* PO4-P 
mg/L— 
UAN 168 kg N/ha 0.38 0.35 0.74 0.08 
Fall Inject IX 0.59 0.36 0.69 0.24 
Fall Inject 2X 0.80 0.58 0.73 0.05 
Fall New Inject IX 0.60 0.61 1.13 0.10 
Fall New Inject 2X 0.63 1.46 2.02 0.20 
Winter Broadcast IX 0.48 0.42 0.73 0.19 
Winter Broadcast 2X 0.56 0.80 1.22 0.06 
Spring Inject IX 0.60 0.49 0.91 0.18 
Spring Inject 2X 0.52 0.60 1.07 0.21 
Total-P" 
TKN is lotal Kjeldahl nitrogen and includes NHj-N. 
* Total-P includes PO4-P. 
" Data not available. 
Table 3-13. Nutrient concentrations in spring subsurface drainage. 
Sampling 
Date 
Treatment NO3-N NH4-N TKN* 
—mg/L-
PO4-P Total-P' 
UAN 168 kg N/ha 7.2 0.19 0.28 0.02 0.09 
Fall Inject IX 8.2 0.23 0.46 0.04 0.10 
Fall Inject 2X 7.7 0.18 0.40 0.03 0.14 
Fall New Inject IX 6.2 0.20 0.35 0.03 0.09 
Fall New Inject 2X 6.3 0.18 0.41 0.03 0.10 
Winter Broadcast IX 7.2 0.16 0.52 0.03 0.11 
Winter Broadcast 2X 9.3 0.19 0.43 0.04 0.10 
Spring Inject IX 8.5 0.18 0.40 0.03 0.10 
Spring Inject 2X 11.8 0.19 0.31 0.02 0.09 
TKN is total Kjeldahl nitrogen and includes NHi-N. 
Total-? includes PO4-P. 
' Data not available. 
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Surface Runoff 
Runoff Quantification 
Runoff depths are summarized in Tables 3-14 and 3-15. Runoff events were much 
more frequent in 1998 than in 1997. Two mnoff events occurred during 1997, with no 
significant difference between runoff depths by treatment. Twelve runoff events occurred 
during 1998 and there were again no significant differences between runoff depths by 
treatment. Runoff depths for 1999 are given in Table 3-16. 
Table 3-14. 1997 Runoff depths (cm). 
Treatment 6/21/97 7/24/97 
UAN 168 kg N/ha 0.71 0.57 
Fall inject IX 0.55 0.86 
Fall inject 2X 0.12 0.27 
Fall new inject IX 0.37 0.80 
Fall new inject 2X 0.80 1.32 
Winter broadcast IX 0.22 0.56 
Winter broadcast 2X 0.71 1.38 
Spring inject IX 0.30 0.52 
Spring inject 2X 0.39 0.89 
Table 3-15. 1998 Runon* depths (cm). 
T reatment 2/13/98 2/16/98 2/18/98 5/26/98 5/29/98 6/1/98 6/12/98 
UAN 168 kg N/ha 0.60 0.83 0.70 0.08 0.11 0.05 1.16 
Fall inject IX 0.00 0.16 0.00 0.13 0.06 0.07 1.00 
Fall inject 2X 0.00 0.07 0.04 0.10 0.04 0.05 0.30 
Fall new inject IX 0.69 1.30 0.45 0.11 0.05 0.03 0.57 
Fall new inject 2X 0.08 0.28 0.05 0.00 0.06 0.03 0.53 
Winter broadcast IX 0.59 1.22 0.28 0.06 0.05 0.05 0.60 
Winter broadcast 2X 0.00 0.28 0.25 0.33 0.08 0.04 0.96 
Spring inject IX 0.44 0.70 0.00 0.01 0.03 0.03 0.57 
Spring inject 2X 0.00 0.83 0.34 0.07 0.06 0.04 0.64 
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Table 3-15 continued. 
Treatment 6/15/98 6/19/98 6/22/98 6/29/98 
UAN 168 kgN/ha 1.86 0.76 0.45 0.89 
Fall inject IX 1.86 0.59 0.35 0.76 
Fall inject 2X 1.67 0.34 0.21 0.34 
Fall new inject IX 1.24 0.24 0.14 0.49 
Fall new inject 2X 1.56 0.47 0.26 0.65 
Winter broadcast IX 1.86 0.46 0.26 0.50 
Winter broadcast 2X 1.86 0.46 0.26 0.50 
Spring inject IX 1.51 0.47 0.28 0.67 
Spring inject 2X 1.86 0.48 0.29 0.46 
Table 3-16. 1999 Runoff depths (cm). 
Treatment 4/9/99 4/23/99 5/13/99 6/2/99 7/21/99 7/31/99 
UAN 168 kgN/ha 0.91 1.27 0.73 0.14 0.10 0.33 
Fall inject IX 1.08 1.19 1.33 0.17 0.17 0.24 
Fall inject 2X 1.26 0.98 1.17 0.16 0.07 0.25 
Fall new inject IX 1.20 1.10 0.83 0.18 0.07 0.40 
Fall new inject 2X 0.49 0.76 1.35 0.14 0.10 0.25 
Winter broadcast IX 0.60 0.61 0.86 0.09 0.00 0.16 
Winter broadcast 2X 0.00 1.12 0.85 0.06 0.00 0.09 
Spring inject IX 0.30 0.78 0.67 0.05 0.00 0.00 
Spring inject 2X 0.51 0.78 0.43 0.12 0.00 0.20 
Nutrient Concentrations in Runoff 
The NO3-N concentrations in surface runoff during 1997 were significantly higher in 
winter broadcast double rate plots than the fall and spring inject single rate plots (Table 3-
17). Other treatments were statistically similar. Phosphorus concentrations in runoff did not 
differ significantly between treatments (Table 3-17). Runoff for subsequent years has not yet 
been completely analyzed. 
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Table 3-17. Average nutrient concentrations in surface runoff for 1997. 
Treatment NO3-N +NO2-N Total P 
mg/L mg/L 
UAN 168 kgN/ha l.Sabc 2.1a 
Fall inject IX 0.7c 0.9a 
Fall inject 2X l.Sabc 2.1a 
Fall new inject IX 2.2a 3.0a 
Fall new inject 2X 2.3a 1.6a 
Winter broadcast IX 1.0c 2.5a 
Winter broadcast 2X 2.2a 1.2a 
Spring inject IX l.lbc 1.6a 
Spring inject 2X 1.3abc 1.7a 
Crop Yields 
Crop yields for 1996 are given in Table 3-18. Due to the timing of the project 
initiation, fall treatments were not observed during this year. Since this was the first year of 
the study, it is not surprising that no significant differences in yields were observed between 
treatments, although manure treatments give slightly higher com yields compared to the 
commercial N treatment. 
Crop yields for 1997 are given in Table 3-19. The commercial N treatment continued 
to result in lower yields in 1997, while the manure treatments seemed to respond to 
application rate. All of the double rate treatments resulted in higher yields than their single 
rate counterparts. The winter and spring treatments, which received manure in 1996 and 
1997 did not seem to respond more to rate than the fall treatments, which received manure 
application only once, prior to the 1997 crop growing season. Soybean yields were similar 
for all treatments in 1997. 
In 1998, all com and soybean yields were similar. Yields did not respond to 
application rate, timing, or method (Table 3-20). Crop yield data for 1999 are given in Table 
3-21. In 1999, com yields may have responded slightly to increased application rate in the 
fall slot inject and spring inject treatments. 
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Table 3-18. Crop yield data for 1996. 
Com Yield Soybean Yield Stalk-N 
Treatment Mg/ha Mg/ha ppm 
UAN 168 kgN/ha 8.0 2.7 130.0 
Fall inject IX 2.8 
Fall inject 2X 2.9 
Fall new inject IX 2.8 
Fall new inject 2X 2.7 
Winter broadcast 1X 9.6 2.9 47.0 
Winter broadcast 2X 10.6 2.8 1542.5 
Spring inject IX 10.0 2.8 872.2 
Spring inject 2X 10.0 2.8 2789.7 
Table 3-19. Crop yield data for 1997. 
Com Yield Soybean Yield Stalk-N 
T reatment Mg/ha Mg/ha ppm 
UAN 168 kgN/ha 7.8 3.1 165.0 
Fall inject IX 9.5 3.0 1700.2 
Fall inject 2X 11.1 2.9 2712.3 
Fall new inject IX 9.3 2.9 866.3 
Fall new inject 2X 10.1 2.9 1799.4 
Winter broadcast IX 8.8 2.9 180.0 
Winter broadcast 2X 9.7 JO 1173.2 
Spring inject IX 9.6 3.2 1499.5 
Spring inject 2X 11.2 J.J 2478.3 
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Table 3-20. Crop yield data for 1998. 
Com Yieid Soybean Yield Stalk-N 
T reatment Mg/ha Mg/ha ppm 
UAN 168 kgN/ha 9.9 2.9 165.0 
Fall inject IX 10.2 2.7 1700.2 
Fall inject 2X 10.1 2.9 2712.3 
Fall new inject IX 9.8 2.6 866.3 
Fall new inject 2X 10.4 2.8 1799.4 
Winter broadcast IX 9.1 2.9 180.0 
Winter broadcast 2X 9.7 2.9 1173.2 
Spring inject IX 9.4 2.8 1499.5 
Spring inject 2X 11.0 3.1 2478.3 
Table 3-21. Crop yield data for 1999. 
Com Yield Soybean Yield Stalk-N 
T reatment Mg/ha Mg/ha ppm 
UAN 168 kgN/ha 9.9 2.9 165.0 
Fall inject IX 10.2 2.7 1700.2 
Fall inject 2X 10.1 2.9 2712.3 
Fall new inject IX 9.8 2.6 866.3 
Fall new inject 2X 10.4 2.8 1799.4 
Winter broadcast IX 9.1 2.9 180.0 
Winter broadcast 2X 9.7 2.9 1173.2 
Spring inject IX 9.4 2.8 1499.5 
Spring inject 2X II.O 3.1 2478.3 
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Stalk Nitrogen 
Data indicate that the spring injection method of manure application resuhed in the 
highest level of stalk-N compared to other N application methods in 1996 (Table 3-25). The 
single-rate winter broadcast method resulted in low stalk-N. In 1997. the inject treatments 
had higher stalk-N than the winter broadcast or incorporate (UAN) methods. Fall inject and 
spring inject treatments resulted in excess stalk-N at the double application rate, while no 
treatment resulted in low stalk-N. None of the treatments resulted in excess stalk-N in 1998. 
but the liquid UAN treatment resulted in low stalk-N. During 1999. no treatment resulted in 
excessive stalk-N. The fall slot inject single-rate resulted in marginal stalk N. while the other 
single-rate treatments resulted in low stalk-N. 
Table 3-22. Stalk Nitrogen Contents. 
Stalk-N (ppm) 
T reatment 1996 1997 1998 1999 
UAN 168 kg N/ha 130 165 13 176 
Fall inject IX 1700 143 27 
Fall inject 2X 2712 1065 426 
Fall new inject IX 866 107 168 
Fall new inject 2X 1799 828 1225 
Winter broadcast IX 47 180 374 55 
Winter broadcast 2X 1543 1173 1272 613 
Spring inject IX 872 1500 234 28 
Spring inject 2X 2790 2478 1395 593 
Conclusions 
This study resulted in the following conclusions regarding nutrient concentrations: 
I) Spring injection of swine manure at 336 kg N/ha results in higher NO3-N 
concentrations in subsurface drain water than other manure treatments, although this 
difference is not significant at the 5% level. 
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2) Manure application rate does not significantly influence higher NO3-N concentrations 
in subsurface drain water on an annual basis. 
3) Timing of manure application does not impact NO3-N concentrations in subsurface 
drain water at the 5% level. 
4) Manure injection may result in higher NO3-N concentrations in subsurface drain 
water, as compared to surface broadcast, although this difference is not significant at 
the 5% level. 
5) Late winter broadcast at 336 kg N/ha is likely to cause higher NO3-N concentrations 
in surface runoff. 
6) Phosphorus concentrations are not influenced by manure treatment. 
This study resulted in the following conclusions regarding crop response: 
1) Com and soybean yields are minimally influenced by manure treatment over the 
period of this study. Application rate exerted the greatest influence on yields. 
2) Stalk-nitrogen declined to below optimal levels in the UAN and winter broadcast 
single-rate treatments over the duration of this study. 
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CHAPTER FOUR. EFFECTS OF SWINE MANURE APPLICATION ON 
BACTERIAL WATER QUALITY 
A paper to be submitted to the Journal of Environmental Quality for publication 
E.A. Warnemuende, R.S. Kanwar, J.L. Baker, S. Mickelson, J. Lorimor, and S.W. Melvin 
Abstract 
Appropriate manure application rates, timing, and methods are necessary to maximize 
nutrient utilization by plants from manure, while minimizing water resource pollution 
potential. Potential pollutants, which emanate from improperly handled manure, include 
fecal bacteria. This study focused on the movement of bacterial pollutants to receiving tile 
drains through subsurface bacterial leaching. Specifically, the impacts of different manure 
management regimes on fecal coliform, fecal streptococcus, and Escherichia coli (E. coli) 
densities in subsurface tile drain water were examined for three years. Eight swine manure 
treatments were compared with a control treatment where commercial urea ammonium 
nitrate (UAN) was applied. Manure treatments included a standard fall injection, fall slot 
injection, spring injection, and late winter broadcast at application rates of 168 kg N/ha and 
336 kg N/ha. Results of this study indicate that manure treatment influenced subsurface 
bacterial leaching to tile water, with the highest incidence of significantly elevated bacterial 
levels where manure had been broadcast in late winter at a rate of 336 kg N/ha, and where 
manure had been slot injected in fall at 168 kg N/ha. Manure application rate and timing did 
not have significant effects at the 10% level, but application method had some effect. 
Annual flow weighted average fecal streptococcus densities in subsurface drainage water 
were significantly higher where manure had been broadcast rather than injected during the 
second year of this study. Difficulty maintaining biological control in the field setting is 
believed to have contributed to variability in the data set. 
Introduction 
Land-applied livestock manure is a potential source of human pathogens to receiving 
waters. Because poor bacterial water quality can render a water body unsuitable for drinking 
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or recreational use, appropriate manure application techniques must be identified. Timing, 
rate, and method of appHcation are important parameters. 
A previous field study by Culley and Phillips (1982) found no significant differences 
in bacterial counts in subsurface discharge between spring, fail, and spring-fall split manure 
application, and no significant differences between application rates ranging from 105 to 420 
m^/ha. Winter manure applications resulted in higher fecal streptococcus counts in 
subsurface discharge, as compared to fall and spring manure applications. 
A lysimeter study by Stoddard and associates (1998) examined the effects of manure 
application timing and tillage practices on leaching of fecal coliforms and fecal streptococci. 
Results of this smdy indicated that fecal coliform mortality was significantly delayed in the 
spring applications versus the fall, whereas fecal streptococci mortality significantly greater 
in the spring. Generally, spring manure caused more bacterial leaching, but leachate 
bacterial densities were not significantly affected by timing of manure appUcation. Tillage 
did not significantly affect bacterial mortality rates or bacterial densities in leachate. 
The method of manure application has been found to influence bacterial survival. 
Giddens and associates (1973) found that die-off rate of fecal coliform from poultry waste 
was 50% lower where manure was applied to the surface, rather than incorporated. 
Another study revealed that fecal coliform leaching was retarded in tilled soil blocks 
versus untilled soil blocks, suggesting that tillage may be used as a management practice to 
slow fecal bacterial leaching (McMurray et al., 1998). The destruction of macropore inlets 
from soil disturbance during manure injection or incorporation may have a similar effect. 
Methodology 
Experimental Site Description 
The experimental site was located at the Iowa State University's Agronomy and 
Agricultural Engineering Research Center west of Ames, Iowa on Clarion loam soil, in the 
Clarion - Nicollet - Webster Soil Association. The soil is generally well drained and suited 
to cultivated crops. The bulk density of on-site Clarion loam is approximately 1.4 g/cm"*. 
The area receives an annual average of 82.5 cm of precipitation, with about 55.0 cm 
occurring during the spring and summer months. 
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Experimental Treatments 
Eight manure treamients were compared with a commercial N treamfient of 168 kg 
N/ha as liquid urea aimnonium nitrate (UAN) (Figure 4-1). Because a producer is likely to 
fertilize regardless of manure supply, this experimental design was chosen in order to provide 
the basis for comparison between manure treatments and the alternative commercial N 
treatment (used as a check treatment). Experimental treatments were divided into three 
application schedules: fall, late winter, and spring. Manure was injected in the fall using the 
standard injection and new slot injection methods. In late winter, manure was broadcast onto 
frozen ground. In the spring, manure was injected using the standard injection method. For 
each manure application, a recommended application rate of 168 kg N/ha was compared to a 
double application rate of 336 kg N/ha. Liquid UAN was incorporated on the commercial 
plots in the spring at the time of planting. 
Treatments 
Timing 
Method 
Rate 
Spring Late Winter Fall 
168 
kg N/ha 
Inject 
(standard) 
336 
kg N/ha 
336 
kg N/ha 
168 
kg N/ha 
168 
kg N/ha 
Inject 
(standard) 
336 
kg N/ha 
Incorporate Broadcast 
168 
kg N/ha 
(UAN) 
Inject 
(new slot) 
336 
kg N/ha 
168 
kg N/ha 
Figure 4-1. Experimental treatments on timing, rate, and method of swine manure 
application. 
Experimental Layout 
The study site was divided into three experimental blocks each having nine treatment 
plots (Table 4-1), to accommodate three replications of the commercial fertilizer treatment 
and eight manure treatments. The resulting 27 individual plots were arranged in a 
randomized block design (Figure 4-2). 
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Table 4-1. Experimental Treatments. 
Treatment Treatment Application Application Application Rate 
Identification Abbreviation Timing Method (kg N/ha) 
Spring UAN CTL Spring (UAN) Incorporate 168 
Fall Inject IX FIl Fall Inject 168 
Fall Inject 2X FI2 Fall Inject 336 
Fall New IX FNI Fall New Slot Inject 168 
Fall New 2X FN2 Fall New Slot Inject 336 
Broadcast IX WBI Late Winter Broadcast 168 
Broadcast 2X WB2 Late Winter Broadcast 336 
Spring Inject IX SIl Spring Inject 168 
Spring Inject 2X SI2 Spring Inject 336 
Figure 4-2. Experimental layout of plots for 9 treatments and 3 replications. 
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Experimental Plot Design 
Each experimental plot was selected to be 7.6 meters wide, to accommodate an 
annual rotation of 5 rows of com in half the plot and 5 rows of beans in the other half, and 
22.9 meters long. Each plot was equipped with both subsurface flow and surface runoff 
collection systems (runoff data are not presented here). Collection systems were gravity fed 
to the end of each plot. All plots were surrounded by earthen berms, to avoid overland flow 
and subsequent cross contamination between plots. Figure 4-3 shows a schematic of the 
exoerimental clot. 
subsurface flow collection tile line , . - r „ „ . 
slotted pipe tor runoff collection 
. 15 cm dia. 
Ik 
runoff collection tank 
3.3 m dia.^,x— t! 5 rows com i 
' 1  
,1 
7.6 m 
5 rows beans 10.7 m \ \subsurface drainage 
collection sump 
37.5 cm dia. 
^ 22.9 m 
Figure 4-3. Schematic diagram of an experimental plot (aerial view). 
Manure Application 
Because this research required a degree of application uniformity and accuracy above 
that which could be provided by manure applicators currently on the market, the research 
team designed and built a new manure applicator for this study (Figure 4-4). The main goal 
of the applicator design was the ability to accurately determine the application rate and 
volume of manure applied to the plots. This was essential in order to effectively evaluate the 
surface and subsurface losses of pollutants from the treated plots. 
The main components of the applicator were two cast iron progressive cavity pumps 
(Roper 71228) with hard chrome plated alloy internals. These power take-off (PTO)-driven 
pumps were chosen for their abilities to meter manure precisely and handle solid particles up 
to 2 cm in diameter. Running at 700 rpm, each pump conveyed 41 m^/h (180 gpm). Two 
pumps were used in the final design. The pumps were mounted on a steel chassis with a dual 
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ShLi*off Valve 
Flexible ^cse 
c.: 
Figure 4-4. Schematic of manure applicator. 
walking tandem adjustable wheel base. The frame for this chassis was constructed with 10-
cm (4-inch) square steel tubing, and each axle had a 5400 kg (12,000 lb) load rating. The 
wheels were spaced on 229-cm (90-in) centers, such that they could straddle three 76-cm 
(30-inch) rows. The pumps were supplied with liquid manure from a 3506-L (925-gallon) 
polyethylene tank. During application, the manure was recirculated for mixing within the 
tank using a 3729-W (5-HP) trash pump. Five-centimeter (2-inch) solid hose was used for 
this recirculation. Each pump was used to supply manure to one knife at a time. Shutoff 
valves located between the pump and each shank ensured that each pump supplied manure to 
only one shank at a time. Manure was supplied to the shutoff valves using non-collapsible 
hose and PVC tubing. Collapsible hose was used to convey manure from the shutoff valves 
to the application tubing behind each shank. Each shank and knife could be raised and 
lowered using hydraulic cylinders (20-cm (8-inch) stroke, 8-cm (3-inch) bore, 7.5kPa (2500 
psi)) driven by the tractor hydraulic system. 
Liquid swine manure from the Iowa State University Swine Nutrition Farm was 
obtained using a Better-Bilt 12886-L (3400-gallon) vacuum tank. The liquid manure was 
agitated using a 5966-W (8-HP) trash pump prior to application. 
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For the winter surface broadcast application, a hose connected to a "T" fitting on the 
trash pump was used to fill a broadcast application tank during recirculation. A graduated 
polyethylene spray tank was used with a Banjo pump to apply the manure volume to within 
an accuracy of 5 percent. The manure was broadcast manually using the Banjo pump and a 
7.6-cm (3-in) hose with a 2.5-cm (1-in) reducer on the end. Manure was uniformly broadcast 
on each plot until the desired volume, based on nitrogen analysis, was applied. This 
application procedure was representative of management used by many producers to avoid 
soil compaction. It was completed late in the winter after any snow had melted, but while the 
soil was still frozen. 
For the inject treatments, manure was injected in two passes of each plot. During the 
first pass, the middle two knives were fed by the two pumps for applying the first half of the 
volume for the predetermined application rate. While applying manure using the two middle 
shanks, the outer two shanks were inactive and in a raised position. Afterwards, the middle 
shanks were raised and the outer two shanks were used to apply the second half of the 
manure during a second pass. This order of operation reduced soil compaction and tire 
slippage. Grab samples of the liquid (integrated over the time of application) were also taken 
as the manure was being applied. One integrated sample was collected for each replication 
of each treatment. Manure had an average initial fecal coliform density of 2,500.000 
CFU/100 mL. 
Instrumentation 
Subsurface drainage was collected through corrugated plastic subsurface tile lines, 
which were installed at a 1.2 m depth and 10.5 m in length into the field (Figure 3-3). They 
were positioned in the middle of each plot and perpendicular to the contour. Each tile line 
drained into a vertical 37.5 cm diameter PVC collection sump at the end of each plot. The 
collection system dimensions were designed to yield a representative sample at a manageable 
flow volume. Electric sump pumps were installed in each collection sump, which operated 
automatically on a float mechanism to pump subsurface flow from each plot through an 
orifice tube. Orifice plates diverted 0.2 percent of the total tile flow into 3.78 liter glass 
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sampling bottles. This volume was used to calculate total flow volumes for flow-weighted 
average bacterial densities. 
Sampling and Analysis 
Subsurface drain water samples were taken weekly starting with the onset of flow in 
the spring or summer and continuing through the flow season ending mid fall. A submersible 
electric pump was used to collect samples from each sump. To ensure consistency, samples 
were taken once the water level within the sump was below the subsurface inlet. All 
subsurface drainage samples taken for bacterial analysis were pumped directly from the sump 
into sterile plastic sample bags. The pump and sampling equipment was flushed by pumping 
a few liters through before obtaining a sample. Samples were analyzed within 24 hours and 
stored at 4°C until they were analyzed. Analysis for fecal coliforms (FC), E. coli, and fecal 
streptococcus (FS) were done according to the membrane filtration technique described in 
Standard Methods for the Examination of Water and Wastewater, 18th edition, plating on m-
FC agar for fecal coliforms, m-coli blue broth for E. coli, and m-Enterococcus agar for fecal 
streptococcus. All FC, E. coli, and FS densities were recorded in terms of colony forming 
units (CFUy 100 mL. 
Results 
Subsurface Drainage Volumes 
Figures 4-5 through 4-7 summarize the periodic rainfall and subsurface drain flow 
data for 1997 1998, and 1999. Rainfall and tile flow were lightest during 1997, with weekly 
rainfall totals ranging from 0 to 6.5 cm. Tile flow was generally less than 5 cm per week. 
Rainfall was much heavier in 1998, and tiles flowed for a greater duration in 1998 than the 
previous year, but incremental tile flow volumes seemed comparable. For much of the early 
spring of 1998, tile flow exceeded rainfall, indicating high initial soil moisture content due to 
prefreeze moisture during the previous year and snow melt. Although rainfall was higher 
still in 1999 than the previous year, tile drainage decreased slightly from 1998. Since much 
of the rainfall in 1999 occurred aftercrop emergence, crop moisture demands may account 
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Figure 4-5. Average periodic tile flow and rainfall depths in 1997. 
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Figure 4-7. Average periodic tile flow and rainfall depths in 1999. 
for the low response in tile flow to increased rainfall. Subsurface drainage depths rarely 
exceeded rainfall depths in 1999, due to lower initial moisture conditions and distribution of 
rainfall over time. Disturbance effects observed from the time of project initiation are 
thought to have diminished substantially by the 1999 flow season. 
Bacterial densities in subsurface drain water 
In order to detect significant differences between treatments, a log transformation was 
performed on bacterial data and a least significant difference test was performed on the 
transformed data with a=0.1. Due to the timing of the project initiation, statistical analyses 
were performed on data from 1998 and 1999. Flow-weighted average bacterial densities in 
subsurface drain water are given in Tables 4-2 through 4-4. All water quality data can be 
found in Appendix C. 
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Table 4-2. Bacterial Densities in Subsurface Drainage in 1997. 
Fecal Coliform (CFU/lOO/ml) 
Date CTL FIIX FI2X FNIX FN2X WBIX WB2 SMX SI2X 
23-Apr 2.33 4.67 8.00 3.67 3.33 6.67 3.67 5.00 6.00 
1-May 1.33 5.33 0.67 18.00 6.33 0.67 1.00 0.67 124.00 
7-May 1.00 1.33 0.67 4.00 0.66 10.66 0.66 0.66 30.33 
14-May 0.00 0.00 3.33 3.66 0.33 0.00 0.66 1.33 0.66 
20-May 0.67 1.00 1.67 0.33 0.00 5.33 0.00 0.00 0.67 
27-May 1.33 11.00 1.33 73.67 4.33 16.67 3.67 0.67 6.00 
3-Jun 0.00 0.00 0.67 8.67 0.00 0.00 1.00 1.33 0.33 
10-Jun 2.67 11.67 0.33 2.33 0.00 0.00 15.00 3.33 1.67 
18-Jun 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.33 
25-Jun 83.00 8.67 1.00 7.00 7.33 4.33 25.33 966.67 2.67 
30-Jun 2.00 0.67 24.67 3.67 6.00 6.33 1.33 13.00 112.67 
AVERAGE 8.58 4.03 3.85 11.42 2.57 4.61 4.76 90.24 25.94 
Fecal Streptococcus (CFU/100ml) 
Date CTL F I I X  FI2X FNIX FN2X WBIX WB2 S I I X  S12X 
23-Apr 1.00 1.00 0.33 0.33 0.67 3.00 0.00 0.00 1.00 
1 -May 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.33 7.33 
7-May 1.00 0.33 0.33 0.67 1.33 0.66 0.00 0.33 3.67 
14-May 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.00 
20-May 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
27-May 0.66 13.00 1.00 35.00 12.66 1.66 9.00 2.33 1.00 
3-Jun 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10-Jun 0.00 0.00 0.00 0.00 0.00 1.33 0.00 0.67 0.00 
18-Jun 0.00 0.00 0.33 0.33 0.00 0.67 0.00 0.00 0.00 
25-Jun 34.66 17.00 63.66 46.33 54.33 28.33 23.33 19.66 19.66 
30-Jun 7.00 2.00 17.00 9.33 1.66 4.33 15.66 35.33 4.67 
AVERAGE 4.03 3.03 7.51 8.36 6.42 3.66 4.36 5.79 3.39 
E.Coli (CFU/100ml) 
Date CTL F I I X  FI2X F N I X  FN2X W B I X  WB2 S l l X  SI2X 
23-Apr 0.33 2.33 5.50 1.33 3.33 5.00 0.00 2.33 4.33 
1-May 0.00 0.00 0.00 0.00 0.00 18.00 0.00 0.00 0.00 
7-May 0.00 0.00 0.00 0.00 0.33 0.00 0.00 1.33 0.33 
14-May 0.33 0.33 0.00 0.00 0.33 0.00 3.00 1.33 0.67 
20-May 0.00 0.00 1.67 0.00 0.00 0.00 1.33 0.00 0.33 
27-May 0.00 0.33 5.33 0.67 0.33 12.00 0.00 3.33 0.00 
3-Jun 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 
10-Jun 0.00 0.33 0.00 0.00 0.00 0.67 0.00 0.00 0.00 
18-Jun 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
25-Jun 0.00 0.33 2.33 0.00 0.67 3.67 0.00 25.00 1.33 
30-Jun 0.00 0.00 0.33 0.00 0.00 0.33 1.33 27.67 0.67 
AVERAGE 0.06 0.33 1.38 0 . 1 8  0.45 3.61 0.52 5.55 0.73 
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In 1997, bacterial densities in subsurface drain water were generally low, with fecal 
coliform populations increasing during June, especially for spring-applied plots (Table 4-2). 
Higher bacterial densities tended to follow periods of heavier rainfall. Intermittent flow 
during the latter part of the flow season prevented bacterial analysis, but it is likely that 
bacterial densities declined during this part of the season due to flushing. Few of the plots 
had subsurface drainage after June 30. 
The highest density was recorded from the spring inject single-rate treatment. This 
density was 967 CFU/lOO mL during sampling on June 25, which followed the spring 
manure application. This level of bacterial contamination greatly exceeded the primary 
contact standard of 200 CFU/lOO mL for surface waters. Fecal streptococcus and E. coli 
densities were also highest during this sampling period. Macropore flow, caused by a runoff 
event that occurred on June 21, may have enhanced microbial transport in the subsurface and 
contributed to the elevation of bacterial densities during the sampling f>eriod that followed. 
In 1998, fecal bacterial densities differed between treatments, although trends were 
not clear (Table 4-3). For instance, the commercial UAN treatment had the lowest 
concentration of fecal streptococcus, but not for fecal coliform. One possible explanation for 
this is that the two species have different growth requirements. Factors, such as pH, 
moisture, temperature, texture, nutrients, and macropores, which influence their growth and 
movement may vary spatially between or within plots. It is also important to note that 
annual averages do not reflect short term spikes in bacterial density. 
Since optimal growth conditions differ between fecal coliforms and fecal 
streptococci, it is not surprising that populations did not follow identical trends. The fall 
inject single rate treatment had significantly lower fecal coliform levels in subsurface 
drainage than the fall new inject single rate and winter broadcast double rate treatments. All 
other treatments were statistically similar at the 10% level. There were no significant 
differences in E. coli or fecal streptococcus densities between treatments during 1998. 
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Table 4-3. Flow-weighted average bacterial densities in subsurface drain water during 
1998. 
Flow-weighted Average Bacterial Density (CFU/100 mL) 
Treatment Fecal coliform E. coli Fecal streptococci 
Spring UAN 8.0ab 0.7a 21.4b 
Fall Inject IX 1.2b 0.4a 25.2ab 
Fall Inject 2X 3.9ab 0.3a 111.4ab 
Fall New IX 65.0a 2.3a 503.0a 
Fall New 2X 3.3b 12.7a 161.5ab 
Broadcast IX 7. lab 1.1a 42.0ab 
Broadcast 2X 51.4a 1.0a 152. lab 
Spring Inject IX 31.0ab 0.5a 71.2ab 
Spring Inject 2X 12.7ab 7.1a 110.3ab 
Bacterial densities during 1999 are given in Table 4-4. In many cases, average 
bacterial densities were dominated by a single isolated spike in bacterial density. For this 
reason, it is difficult to correlate annual average bacterial densities with treatment. Fecal 
coliform and fecal streptococci densities declined slightly overall during 1999, while E. coli 
densities were similar to those observed during 1998. The double-rate winter broadcast 
treatment resulted in significantly higher E. coli densities than the other treatments and 
significantly higher fecal streptococci densities than all but the fall slot inject double -rate 
treatment, which yielded unexpectedly high fecal streptococci levels. All other treatments 
were statistically similar at the 10% level. 
Over the 3-yr duration of this study, the highest incidence of significantly elevated 
bacterial levels occurred where manure had been broadcast in late winter at a rate of 336 kg 
N/ha, and where manure had been slot injected in fall at 168 kg N/ha. Because broadcast 
manure applications and colder temperatures are associated with higher bacterial survival 
rates, it is not surprising that the winter broadcast treatment yielded a high incidence of 
significantly elevated bacterial levels in subsurface drain water. The fall slot inject treatment 
was not expected to yield this result. 
68 
Table 4-4. Flow weighted average bacterial densities in subsurface drain water during 
1999. 
Flow-weighted Average Bacterial Density (CFU/100 mL) 
Treatment Fecal coliform E. coli Fecal streptococci 
Spring UAN 11.7a 0.6b 51.6b 
Fall Inject IX 2.0a 0.5b 34.2b 
Fall Inject 2X 4.7a 0.8b 33.9b 
Fall New IX 33.5a 1.0b 38.0b 
Fall New 2X 12.9a 2.0b 147.4ab 
Broadcast IX 9.6a 2.3b 96.3b 
Broadcast 2X 10.9a 15.1a 231.7a 
Spring Inject IX 35.3a 6.3b 44.6b 
Spring Inject 2X 1.0a 1.8b 101.4b 
The effects of application timing (Tables 4-5 and 4-6) and rate (Tables 4-7 and 4-8) 
were not significant at the 10% level. Difficulty maintaining biological control in the field 
setting is believed to have contributed to variability in the data set. 
Application method (Tables 4-9 and 4-10) had some effect. Annual flow-weighted 
average fecal streptococcus densities in subsurface drainage water were significantly higher 
where manure had been broadcast rather than injected during the second year of this study. 
One possible explanation for this is that the availability of nutrients in the soil and water is 
paramount to bacterial survival. Bacteria present in manure generally have access to a high 
nutrient supply, and enteric organisms do not readily adapt to the lower nutrient availability 
in the soil environment post-application (Klein and Casida. 1967). This effect contributes to 
bacterial die-off, and would be minimized in a surface application. Higher levels of bacterial 
contamination were observed in the broadcast treatment overall, and specifically most often 
in the winter broadcast 336 kg N/ha treatment. 
69 
Table 4-5. Flow weighted average bacterial densities in subsurface drain water during 
1998, according to time of application. 
Flow-weighted Average Bacterial Density (CFU/IOO mL) 
Timing Fecal coliform E. coli Fecal streptococci 
Fall 18.4a Oa 200.3a 
Spring 21.8a 3.7a 90.8a 
Table 4-6. Flow weighted average bacterial densities in subsurface drain water during 
1999, according to time of application. 
Flow-weighted Average Bacterial Density (CFU/IOO mL) 
Timing Fecal coliform E. coli Fecal streptococci 
Fall 13.3a 1.1a 63.4a 
Spring 18.2a 4.1a 73.0a 
Table 4-7. Flow weighted average bacterial densities in subsurface drain water during 
1998, according to rate of application. 
Flow-weighted Average Bacterial Density (CFU/IOO mL) 
Rate Fecal coliform E. coli Fecal streptococci 
168 kg N/ha 26.0a TOa 20.0a 
336 kg N/ha 17.8a 5.3a 7.4a 
Table 4-8. Flow weighted average bacterial densities in subsurface drain water during 
1999, according to rate of application. 
Flow-weighted Average Bacterial Density (CFU/1(K) mL) 
Rate Fecal coliform E. coli Fecal streptococci 
168 kg N/ha 20.1a zJa 53.3a 
336 kg N/ha 7.4a 4.9a 128.6a 
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Table 4-9. Flow weighted average bacterial densities in subsurface drain water during 
1998, according to method of application. 
Flow-weighted Average Bacterial Density (CFU/lOO mL) 
Method Fecal coliform E. coli Fecal streptococci 
Inject 19.5a 3.9a 163.8a 
Broadcast 29.3a 1.1a 97.1a 
Table 4-10. Flow weighted average bacterial densities in subsurface drain water during 
1999, according to method of application. 
Flow-weighted Average Bacterial Density (CFU/lOO mL) 
Method Fecal coliform E. coli Fecal streptococci 
Inject 14.9a 2.1a 66.6b 
Broadcast 10.2a 8.7a 164.0a 
Conclusions 
Because of the higher incidence of elevated bacterial levels in subsurface drain water 
below plots receiving a winter broadcast manure application at 336 kg N/ha and the potential 
for bacteria to survive longer in lower temperatures and in the unincorporated condition, this 
treatment may contribute to higher levels of bacterial contamination in subsurface drain 
water. 
Because broadcast manure resulted in significantly higher bacterial densities in 
subsurface drain water and macropores, which are not disturbed during broadcast operations, 
are the main bacterial leaching pathway, manure that is broadcast rather than injected may 
constitute a source of elevated bacterial densities in subsurface drain water. 
The new slot inject system did not result in lower bacterial contamination in 
subsurface drain water. However, the higher incidence of significantly elevated bacterial 
contamination in the single rate plot than in the double rate plot suggests the possibility of 
tile line contamination. 
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Difficulty maintaining biological control in the field setting may have contributed to 
this variability and falsely high bacterial levels. A laboratory study utilizing intact soil 
columns to monitor fecal bacterial leaching under these manure treatments and biologically 
controlled conditions is indicated. 
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CHAPTER 5. THE EFFECT OF SWINE MANURE APPLICATION ON BACTERIAL 
QUALITY OF LEACHATE FROM INTACT SOIL COLUMNS 
A paper to be submitted to the Journal of Environmental Quality for publication 
E.A. Wamemuende and R.S. Kan war 
Abstract 
Excessive application of swine manure on agricultural lands is likely to increase the 
potential of water pollution. The impact of swine manure management on bacterial 
contamination in subsurface drainage is often difficult to assess in the field. In this study, 
leachate from intact 20-cm (8-inch) diameter, 30-cm (l2-in) long soil columns receiving fall 
and spring manure applications at 168 kg N/ha (150 lb N/ac) and 336 kg N/ha (300 lb N/ac) 
was analyzed for bacterial densities. The soil columns were collected in sterile galvanized 
tubing using a Giddings probe and 20-cm bit adapter. Fecal coliform, Escherichia coli (E. 
coli), and enterococci densities in leachate from the columns were determined for four 
weekly irrigation events following manure application. While a positive trend between the 
manure application rate and bacterial densities in the leachate water was observed, this effect 
was not generally statistically significant at the 10% level. However, an interaction between 
the application rate and timing was observed, suggesting that an increase in application rate 
is more likely to cause greater bacterial contamination in subsurface drainage for spring 
application than for fall application. Bacterial densities in leachate were most often 
significantly higher where manure had been applied in the spring at 336 kg-N/ha, versus the 
other manure treatments. Additionally, bacterial densities in leachate from fall manure-
applied columns, which were frozen for 7 weeks between manure application and irrigation, 
declined more rapidly compared to the spring manure-applied columns. Bacterial densities 
in the leachate from fall manure-applied soil columns were significantly lower in comparison 
with bacterial densities in leachate from the spring manure-applied soil columns at the 10% 
level during the second, third, and fourth irrigation events. 
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Introduction 
A recent shift toward larger hog confinement units has intensified the need for proper 
manure handling techniques. Manure, which is often land applied to cropland as fertilizer or 
soil conditioner, has been shown to effectively improve soil tilth and increase water holding 
capacity, resistance to crusting, and resistance to compaction (Letson and Gollehon, 1996). 
Appropriate manure application rates, timing, and methods are necessary maximize manure 
utility, while minimizing the pollution potential from the use of manure. 
Potential pollutants, which may emanate from land-applied manure, include bacteria. 
Bacterial water quality determines suitability for drinking and recreational uses. Drinking 
water supplies must not contain more than 2,000 colony forming units per 100 mL (cfu/100 
mL) fecal coliform prior to primary treatment, and recreational waters must not contain more 
than 200 cfii/lOO mL fecal coliform (limited contact). Typical swine manure contains 
6,500,000 cfii/lOO mL fecal coliform. Under current manure application guidelines, leachate 
from manure-amended fields reaching subsurface tile drain often exceeds drinking water 
supply and recreational use standards. This paper will focus subsurface bacterial leaching, 
which may result in the movement of bacteria to receiving surface and ground waters. 
Specifically, the impacts of different manure management regimes on fecal coliform, 
Escherichia coli (E. coli), and enterococci densities in leachate from intact soil columns were 
examined. 
The objective of this study was to identify the optimum swine manure application rate 
and timing, in order to minimize bacterial transport to receiving surface and ground waters 
via subsurface bacterial leaching. 
Bacterial Pollution from Land-Applied Manure 
Bacteria in land-applied manure may pollute soil and vegetation, as well as surface 
and ground waters. This pollution threatens the environment and human health. Bacterial 
pollution may impair soil when nutrient cycling and decomposition rates are altered by 
competition of manure-bome bacteria with indigenous soil bacteria (Doran, 1979). Limiting 
the quantity of manure applied to a single site can reduce buildup of introduced bacteria in 
the soil. Bacterial pollution may additionally render vegetation unsuitable for grazing. The 
74 
rate of bacterial die-off on vegetation is impacted by manure application timing (Brown et 
al..l980), and by pasture management (Bell and Bole, 1976). 
Surface waters are impacted by direct surface runoff, groundwater flow, and 
subsurface tile drainage that discharges to surface water. When surface waters that are used 
for drinking water or recreational uses become impaired by bacterial contamination, a threat 
to human health exists. The greatest potential for bacterial losses to occur is associated with 
surface runoff. Implementing certain management practices can reduce this potential: 
• Land application of manure should not take place during the 72 hours prior to 
a runoff event (Crane et al., 1978). 
• Because bacteria are more likely to survive longer in cooler temperatures and 
to move from the field with runoff on frozen ground, manure application to 
frozen ground or snow cover should be avoided (Robbins et al., 1971). 
• Greater manure storage capacity allows more flexibility in timing of 
application, and can increase bacterial decimation prior to land application by 
increasing storage time. 
• Vegetative filter strips have been shown to be effective at substantially 
reducing fecal coliforms in overland flow reaching surface water (Larsen et 
al., 1994). 
• In addition to flowing water, pathogenic bacteria from land-applied manure 
may also be transmitted by wind, insects, and rodents. For this reason, 
manure should not be land applied in densely populated areas (Morrison and 
Martin, 1977). 
• Subsurface injection may greatly reduce, if not eliminate, bacterial losses with 
runoff, as compared to surface broadcast. However, this method reduces 
bacterial contact with surface soil, thereby increasing the likelihood of 
bacterial movement with drainage water. 
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Bacterial Transport to Subsurface Drain Water 
Bacterial movement to subsurface drainage water may contribute to surface water 
contamination via artificial tile drainage, or groundwater contamination via bacterial 
leaching. When bacteria are introduced to the soil through land application of manure, the 
rate at which they reach the depth of drain tile or aquifer is of great interest. The leaching of 
viable bacteria in the subsxu^ace is a function of both their movement and their sur\'ival, is 
site and organism specific, and varies with atmospheric conditions and water and manure 
characteristics. This section addresses the factors that govern the transport of bacteria in the 
subsurface. The factors influencing the movement of bacteria in the subsurface are listed in 
Table 5-1. 
Table 5-1. Factors influencing the movement of bacteria in tiie subsurface. 
Soil Physical Soil Environment Chemical and Microbial Application 
Characteristics and Chemical Factors Methods 
Factors 
Texture temperature ionic strength technique 
particle size distribution soil water content pH of infiltrating water timing 
pore size distribution soil water flux organic matter 
organic matter microorganism type 
PH microorganism density 
bulk density microorganism dimensions 
presence of other 
organisms 
Soil characteristics 
Texture and particle size distribution affect straining processes. A study by Jang et al. 
(1983) showed straining to contribute significantly to the removal of bacteria fi-om leachate 
where the average bacteria cell size was greater than the size of at least 5% of particles. Pore 
size may contribute to filtration removal, sedimentation of bacteria in pores, and consequent 
reduction of permeability of the soil (Peterson and Ward, 1989). 
Several soil characteristics influence bacterial sorption, and thus bacterial transport. 
Because bacteria sorb more readily to positively charged mineral surfaces than to negatively 
charged mineral surfaces (Scholl et al., 1990), mineral makeup of the soil impacts bacterial 
sorption. Organic matter can affect the surface charge and hydrophobicity characteristics of 
the base mineral (Harvey, 1991), and increase surface area and sorption sites. Soil pH 
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influences the pH of infiltrating water. While the pH effects on bacterial sorption are 
dependent upon soil and organism characteristics, bacterial retention is generally higher in 
neutral to acidic conditions than in alkaline conditions (Goldschmidt et al., 1973). 
Moisture properties 
Physical moisture conditions such as soil water content, temperature and flux, as well 
as flow rate impact bacterial transport (McCoy and Hagedom, 1979), (Yates and Yates, 
1988). These factors influence the processes of advection and dispersion, as well as bacterial 
adsorption. High moisture content and flow rate contribute to bacterial leaching. The pH 
and ionic strength of infiltrating water impacts bacterial transport by the same mechanisms as 
the pH and ionic strength of the soil. 
Bacterial characteristics 
The density and dimensions of the microorganism affects the processes of straining 
and gravitational leaching. In saturated conditions, bacteria may become mobile through 
means of their own locomotion. This mobility depends on the type of microorganism, but 
has been shown to be a significant means of transport for motile strains of E. coli (Reynolds 
et al, 1989). A study by Huysman and Vertraete (1993) showed that cell surface 
hydrophobicity impacts bacterial transport. In this study, hydrophobic bacteria adhered to 
the soil more readily than hydrophillic bacteria. Cell surface charge may also play a role in 
bacterial transport (Sharma et al., 1985). 
Bacterial Survival in the Subsurface 
The survival rate of microorganisms introduced to soil is a function of many factors. 
Table 5-2 gives a summary of these factors. Factors listed examined in this sudy include 
temperature (timing) and nutrient supply (rate). Between 5 and 30 °C, die-off rate of fecal 
bacteria generally doubles with each 10°C increase in temperature (Bell, 1976), (McFeters 
and Stuart, 1972). Bacteria present in manure generally have access to a high nutrient supply 
prior to application. Enteric organisms do not readily adapt to the lower nutrient availability 
in the soil environment post-application (Klein and Casida, 1967), and therefore experience 
die-off relative to nutrient availability. 
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Table 5-2. Factors influencing tiie survival of bacteria in the subsurface. 
Physiochemical 
Characteristics 
of Soil 
pH 
porosity 
organic matter 
texture 
temperature 
moisture 
adsorption/ filtration 
nutrients 
Atmospheric 
Conditions 
sunlight 
moisture 
temperature 
Biological 
Interactions 
competition 
antibiotics 
toxic substances 
Application Methods 
technique 
frequency 
organism density in 
manure 
Methodology 
Eighteen soil columns were collected from the Iowa State University Agronomy and 
Agricultural Engineering Research center near Ames, LA in order to accommodate three 
replications of four manure treatments and two control treatments. Soil column treatments 
are listed in Table 5-3. The soil was a Clarion loam in annual com and soybean rotation. 
Soil columns were extracted in late fall, after the 1999 soybean harvest, using a Giddings 
probe and a 20-cm bit adapter. The 30-cm long columns were extracted in 38-cm long 
sections of sterilized galvanized tubing that had been sharpened on the down - facing edge 
(Figure 5-1). In order to detect compaction, the vertical distance between the top edge of the 
column and the inside soil surface was measured and compared to the vertical distance 
between the top edge of the column and the outside soil surface, prior to extraction of each 
soil column. No compaction was detected. 
Table 5-3. Experimental Treatments. 
Spring Control Not amended 
Fall Control Not amended 
Spring Inject IX Manure application at a rate of 168kg-N/ha (1501b-N/ac) 
Spring Inject 2X Manure application at a rate of 336kg-N/ha (3001b-N/ac) 
Fall Inject IX Manure application at a rate of 168kg-N/ha (1501b-N/ac) 
Fall Inject 2X Manure application at a rate of336kg-N/ha (3001b-N/ac) 
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Figure 5-1. Positioning tubing for soil column extraction with tiie Giddings probe. 
The soil columns were transported to a growth chamber, simulating the soil 
temperature at the 10-cm (4-inch) depth diuing the typical periods of fall and spring manure 
application. Autoclaved screen was installed on the bottom of each column in order to 
prevent soil loss. The columns were then arranged in a random block design in a leachate 
collection apparatus consisting of 25-cm autoclaved funnels and a guide table that prevented 
the columns from deviating from the vertical position (Figure 5-2). They were saturated with 
5000 mL of water and allowed to drain for 4 days. After this period, manure was 
incorporated to the 10-cm depth. The manure was obtained from a finishing unit at the 
Bilsland Memorial swine farm near Luther, lA and was less than 7 days old. Bacterial 
analysis revealed a fecal coliform density of2,000,000 CFU/100 mL. 
The spring soil columns remained under May conditions in the growth chamber 
following manure application. The growth chamber temperature was set to reflect the 
average daily minimum and maximum soil temperature fluctuations at the 10-cm depth, 
using a ten-year average from data collected at the experimental site from which the columns 
were extracted. The temperature regime is illustrated in Figure 5-3. 
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Figure 5-2. Spring soil columns in the leachate collection apparatus. 
Mayl  May 8 May IS May 22 May 29 June 5 
Figure 5-3. Average daily soil temperature at the 10 cm (4 inch) depth, Ames LA. 
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Soil temperature was chosen over air temperature for the growth chamber program 
because of the semi-exposed condition of the soil columns, which is in contrast to the less 
exposed condition of a similar soil profile in situ. Buffering of air temperature fluctuations, 
which significantly affects soil temperature at depth, was built in to the growth chamber 
temperature program by setting the growth chamber air temperature equal to the average 
daily soil temperature at the 10 cm depth. In the growth chamber, the average daily 
minimum soil temperature occurred during 12 hours of darkness and was followed by 12 
hours of the average daily maximum soil temperature during 12 hours of light. 
Six days after manure application, the first of four irrigation events took place on the 
spring columns. Water was irrigated to a ponding depth of 5.3 cm (volume = 1700 mL), 
which is a typical weekly rainfall amount for the first week in May. Weekly rainfall depths 
were based on weekly rainfall data and irrigated in a single event in order to produce the 
effects of macropore flow and >16^ enough leachate to perform bacterial analyses. The 
leachate was collected in sterile plastic sample bottles and analyzed for fecal coliform, E. 
coli, and enterococci using Standard Methods 9222D, 9222G, and 9230C, respectively. This 
process was repeated for the second, third, and fourth irrigation events. Ponding depth for 
these events was 3.7 cm (volume = 1200 mL), 3.4 cm (volume = 1100 mL), and 3.4 cm 
(volume = 1100 mL), respectively. Outflow was quantified in order to provide data 
necessary to complete water budgets on each column. Average outflows between treatments 
were similar. 
Six days after manure application, fall soil columns were sealed and transported to a 
freezer, where they remained for 7 weeks, to simulate over-winter conditions of below 
freezing temperatures and snow cover, and to produce the cell changes associated with 
freezing and thawing. After this period, they were transported to a growth chamber 
simulating the same time period as the spring columns. According to field data, this is the 
period during which bacterial leaching occurs on fall-manured plots as well as spring 
manured plots (Figures 5-4 & 5-5). Irrigation events on the fall soil columns began 2 days 
after transport to the growth chamber. The depth and timing of fall soil column irrigation 
events were the same as the depth and timing of spring column irrigation events. 
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Figure 5-4. Fecal coliform densities in Subsurface Drainage from field plots. 
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Figure 5-5. E. coli densities in Subsurface Drainage from field plots. 
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A mass evaluation was performed on three representative soil columns. Prior to each 
irrigation event, these columns were weighed. The mass of outflow was monitored using 
volumetric analysis of leachate samples. The mass data were used in conjunction with 
moisture analysis of the columns after the completion of the study in order to model the 
water budget for each column. Mass data are given in Table 5-4. 
Table 5-4. Mass balance for three representative fall soil columns. 
Fall control Fall 2X Fall 2X 
replicate 2 replicate 1 replicate 2 
mass (kg) mass (kg) mass (kg) 
Prior to Event 1 17.91 19.01 17.90 
Irrigation 1.70 1.70 1.70 
Drainage water 0.82 0.78 0.79 
Evaporation (calculated) 0.67 0.77 0.64 
Prior to Event 2 18.12 19.16 18.17 
Irrigation 1.20 1.20 1.20 
Drainage water 0.43 0.42 0.55 
Evaporation (calculated) 0.71 1.00 0.83 
Prior to Event 3 18.18 18.94 17.99 
Irrigation 1.10 1.10 1.10 
Drainage water 0.43 0.12 0.30 
Evaporation (calculated) 1.06 1.62 0.71 
Prior to Event 4 17.8 18.3 18.08 
Irrigation 1.10 1.10 1.10 
Drainage water 0.36 0.10 0.13 
Results and Discussion 
Bacterial densities in soil column leachate from irrigation events 1 through 4 are 
given in Figures 5-6 through 5-9. Generally, the double rate manure treatment resulted in 
slightly higher bacterial densities in soil column leachate. This difference became more 
significant with successive irrigation events because of the higher organic matter present in 
double rate columns. Organic matter may minimize the stress of between — event drying on 
bacteria. The application rate effect was statistically significant at the 10% level for 
enterococci during event 3. The fall columns yielded similar bacterial densities as the spring 
columns for event one, and lower bacterial densities for events 2, 3, and 4. The application 
timing effect was significant at the 10% level during events 3 and 4 for fecal coliform, during 
events 2 and 3 for E. coli, and during event 2 for enterococci. This pattern of diverging fall 
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and spring leachate bacterial densities over time may be the result of decreased vitality of the 
fall bacteria due to the freeze-thaw cycle. The higher organic matter available to bacteria in 
the double rate columns contributed positively to the survival of bacteria, particularly the fall 
bacteria. An interaction between rate and timing interaction was significant for fecal 
coliform during event 4 and E. coli during events 3 and 4. 
While bacterial densities were higher in leachate from double rate manure columns 
during event 1, no significant differences between treatments were detected during this event. 
However, bacterial densities from control columns were significantly lower than in manured 
columns, with the exception of enterococci in leachate from the spring control column. 
Enterococci have a high degree of survivability in the soil. For this reason, contamination 
effects of wildlife activity or manure transportation on the soil column extraction site prior to 
soil column extraction would be most visible and most persistent in enterococci densities. 
Wi± the exception of enterococci, bacteria were not detected in the control columns after the 
first irrigation event, and leachate bacterial densities from the control columns were always 
significantly less than those from manure treated columns. 
Event 2 resulted in higher bacterial densities in leachate from columns receiving 
double manure application rate, although this difference was not significant. The effect of 
timing was significant however, with E. coli and enterococci densities significantly lower in 
fall column leachate than in spring coliunn leachate. E. coli densities in leachate from spring 
columns were significantly lower than those in leachate from the fall double rate columns. 
Bacterial quality of leachate resulting from event 3 was significantly influenced by 
both timing and rate, and was poorest among the spring double rate columns. Spring double 
rate columns resulted in significantly higher E. coli densities than fall single and double rate 
columns. Spring single rate columns resulted in significantly higher E. coli densities in 
leachate than fall single rate columns. Other differences between treatments were evident, 
although not statistically significant at the 10% level. 
During event 4, spring double rate columns continued to result in the poorest quality 
leachate. This treatment resulted in fecal colifomi densities in leachate significantly higher 
than all other treatments, and E. coli densities higher than spring single rate and fall double 
rate treatments. 
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Figure 5-6. Bacterial densities in soil column leachate from event 1. 
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Figure 5-7. Bacterial densities in soil column leachate from event 2. 
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Figure 5-9. Bacterial densities in spring soil column leachate from event 4. 
86 
The response of bacterial densities in leachate to successive irrigation events is 
illustrated in Figures 5-10 through 5-12. 
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Figure 5-10. Fecal coUform density in soil column leachate. 
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Figure 5-12. Enterococci density in soil column leachate. 
It is expected that fecal coliform densities follow a similar pattern to E. coli densities, 
since E. coli is a subset of fecal coliforms. Enterococci are unrelated enteric organisms 
however, with a higher degree of survivability in the soil. This may explain the different 
pattern of enterococci levels over time and background levels of enterococci in control 
columns, which received no manure application. A faster decline in leachate bacterial 
densities in single rate treatments can be clearly observed in Figures 5-10 through 5-12. 
Fluctuations in soil column gravimetric moisture content are believed to have 
been the major factor contributing to bacterial die-off in this study. These fluctuations can be 
observed in Figure 5-13. It is possible that more significant differences resulting fi-om 
application timing and rate would be observed under more ideal moisture conditions. 
Statistical analysis of bacterial counts yielded similar results to statistical analysis of 
bacterial densities. There were no significant differences in drainage volume between 
treatments. 
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Conclusions 
Intact soil columns were used to model the movement of bacteria to subsurface 
drainage following fall and spring swine manure applications at a rate of 168 kg-N/ha and a 
rate of 336 kg-N/ha. In almost every case, leachate from manured columns had significantly 
higher bacterial densities than leachate from non-manured control columns. This suggests 
that land application of swine manure is likely to cause bacterial contamination of subsurface 
drain water, even at the recommended application rate of 168 kg-N/ha. 
Clear differences in bacterial densities were identified between treatments during the 
second, third, and fourth irrigation events following manure application. Spring application 
of swine manure resulted in higher bacterial densities in subsurface drainage than fall 
application during the 5-week period following spring manure application. Specifically, the 
spring 336 kg-N/ha treatment yielded higher bacterial densities than other treatments during 
all but the first irrigation event. This suggests that manure applied to the field at a rate of 336 
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kg-N/ha during the spring may contribute significantly more bacterial contamination to 
ground water and tile drainage than fall and spring 168 kg-N/ha manure applications and fall 
336 kg-N/ha applications. 
Although few significant differences were detected between application rates, the 
columns that received 336 kg-N/ha swine manure almost always yielded higher bacterial 
densities in leachate than the columns that received 168 kg-N/ha swine manure during the 
same season. Additionally, an interaction between the application rate and timing was 
observed, suggesting that an increase in application rate is more likely to cause greater 
bacterial contamination in subsurface drainage for spring application than for fall application. 
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CHAPTER SIX. GENERAL CONCLUSIONS 
The overall objective of these studies was to identify optimum swine manure 
application parameters, in order to minimize negative impacts to water quality. Specifically, 
the impacts of swine manure application rate, timing, and method on bacterial quality of 
subsurface drain water were examined. 
A field study focusing on the movement of pollutants to receiving surface and ground 
waters following swine manure application was conducted. In this study, the impacts of 
different manure management regimes on nitrate-nitrogen (NO3-N), total phosphorus (P), 
phosphate-phosphorus (PO4-P), fecal coliform, fecal streptococcus, and E. coli 
concentrations in surface runoff and subsurface tile flow were examined. The field study 
resulted in the following conclusions: 
• Spring injection of swine manure at 336 kg N/ha often resulted in higher NO3-N 
concentrations in subsurface drain water than other manure treatments. 
• Late winter broadcast at 336 kg N/ha often resulted in higher NO3-N concentrations 
in surface mnoff, as compared to other treatments. 
• Phosphorus concentrations were not influenced by manure treatment. 
• Com and soybean yields were not significantly influenced by manure treatment 
overall, for the period of this study. 
This field study resulted in the following conclusions regarding bacterial water quality: 
• Differences in bacterial densities in subsurface drainage were significant between 
treatments on an annual basis, but trends were unclear and consistent differences were 
absent. 
• Bacterial quality of subsurface drain water may have been influenced by manure 
treatment during short-term flow events. 
• This field assessment of bacterial water quality was not ideal, due to difficulty 
maintaining biological control in the field setting. 
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While trends in nutrient effects were identified, bacterial water quality parameters 
were difficult to control in the field setting. For this reason, a secondary laboratory study 
was conducted in order to fiirther examine the impacts of swine manure application on 
bacterial quality of subsurface drain water. In this secondary smdy, intact soil columns were 
used to model the movement of bacteria to subsurface drainage following fall and spring 
swine manure applications at a rate of 168 kg N/ha and a rate of 336 kg N/ha. 
The soil colunm study resulted in the following conclusions: 
• Manure applied to the field at a rate of 336 kg N/ha during the spring contributed 
significantly more bacterial contamination to soil column leachate than fall and spring 
168 kg N/ha manure applications and fall 336 kg N/ha applications. 
• An increase in application rate was more likely to cause greater bacterial 
contamination in subsurface drainage for spring application than for fall application. 
With regard to the stated objectives, the following general conclusions can be made: 
• Swine manure application rate may impact the bacterial quality of subsurface 
drainage, particularly in the spring. This phenomenon was clearly observed in the 
soil column study, and can be observed during some sampling periods in the field 
study. Manure should be applied according to crop nutrient requirements. 
• The timing of manure application clearly impacted bacterial levels in subsurface drain 
water in the soil column study. These effects were most noticeable later in the 
drainage season. Water quality effects of timing were also observed in the field 
study, although variability of data inherent in field microbial studies prohibited the 
identification of statistical differences. 
• Application method may impact bacterial quality of subsurface drainage. The 
broadcast method caused higher bacterial levels in subsurface drain water than the 
inject method. Manure broadcasting without incorporation is not reconmiended. 
• Future research is needed to determine the relationship between bacterial densities in 
leachate from manure-applied 30-cm intact soil columns and corresponding bacterial 
densities in tile water at the 1.2-meter depth. 
93 
APPENDIX A. Field Soils Data 
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Table A-1. Soil properties from sampling on April 10,1996 
Rep Sample # Depth Sampled Hyd Cond.,cm/day Bulk Density, g/cm3 
1 1 0-8cm 1205 1.46 
I 1 30-38cm 764 1.18 
1 2 0-8cm 27485 1.27 
1 2 30-38cm 6814 1.13 
1 2 60-69cm 6566 1.51 
1 J 0-8cm 375 1.52 
1 J 30-38cm 1002 1.25 
I J 60-69cm 12368 1.58 
9 1 0-8cm 18324 1.15 
2 1 30-38cm 121 1.15 
2 1 60-69cm 23821 1.41 
2 2 0-8cm 3608 1.48 
2 2 30-3 8cm 3493 1.24 
2 2 60-69cm 4753 1.58 
2 J 0-8cm 74 1.42 
2 J 30-38cm 234 1.26 
2 J 60-69cm 1.46 
3 1 0-8cm 122 1.44 
1 30-38cm 3779 1.47 
3 1 60-69cm 9047 1.56 
J 2 0-8cm 31 1.56 
3 2 30-38cm 833 1.13 
-> J 2 60-69cm 687 1.38 
3 J 0-8cm 88 1.57 
-* J J 30-38cm 259 1.15 
3 J 60-69cm 3207 1.49 
-» J J 0-8cm 8475 1.59 
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Table A-2. Soil properties prior to manure application for 1996. 
Com 0-15cm 
Rep Treatment Lab # ppm P ppm K pH BpH % OM ppm N 
1 1 10813 12 127 6.65 6.90 3.1 2 
1 2 10814 12 106 6.50 6.70 3.1 2 
1 -» J 10815 12 125 6.80 7.00 2.7 2 
1 4 10816 13 119 6.40 6.65 2.7 2 
1 5 10817 13 110 6.90 7.00 2.8 2 
1 6 10818 20 132 7.10 7.10 3.0 2 
1 7 10819 32 155 6.40 6.65 3.0 J 
1 8 10820 20 105 6.50 6.70 3.0 J 
1 9 10821 19 115 6.30 6.70 2.9 7 
2 1 10822 22 103 6.30 6.60 3.3 5 
2 2 10823 20 109 6.50 6.70 3.5 5 
2 3 10824 24 104 6.40 6.65 J.J 4 
2 4 10825 14 95 6.80 7.05 2.8 4 
2 5 10826 21 102 6.60 6.80 2.9 J 
2 6 10827 35 122 6.60 6.80 3.3 7 
2 7 10828 28 122 6.85 7.10 2.5 6 
-) 8 10829 29 118 6.40 6.70 3.7 7 
2 9 10830 26 118 6.80 7.00 2.7 6 
-> J 1 10831 17 100 6.50 6.70 3.3 6 
J 2 10832 18 102 6.80 7.00 3.1 6 
J J 10833 15 108 6.95 7.00 2.7 J 
J 4 10834 12 107 6.50 6.70 2.9 4 
J 5 10835 14 102 6.95 7.00 2.7 4 
J 6 10836 26 119 6.85 7.00 2.7 5 
J 7 10837 42 134 6.45 6.70 3.1 6 
-> J 8 10838 24 119 6.75 6.90 3.2 6 
J 9 10839 25 124 6.75 7.00 2.5 16 
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Table A-2 continued. 
'P 
Com 
Treatment 
15-30cm 
Lab# ppm P ppm K PH BpH % OM ppm 
1 1 10840 8 132 6.60 6.90 2.5 J 
1 2 10841 2 110 6.50 6.80 2.1 1 
1 J 10842 6 121 7.00 7.10 2.4 1 
1 4 10843 2 116 6.30 6.60 2.2 2 
1 5 10844 'y J 94 7.00 7.10 2.0 1 
1 6 10845 J 118 6.90 7.10 2.0 I 
1 7 10846 4 123 6.00 6.70 2.8 2 
1 8 10847 4 98 6.50 7.00 1.9 2 
1 9 10848 2 130 6.40 6.90 2-3 4 
2 1 10849 12 120 6.10 6.65 3.2 2 
2 2 10850 4 116 6.10 6.60 3.7 1 
2 J 10851 10 111 6.05 6.50 3.2 I 
2 4 10852 4 94 6.30 6.80 2.4 2 
2 5 10853 9 108 6.10 6.50 2.9 2 
2 6 10854 8 109 6.05 6.50 3.4 2 
2 7 10855 4 102 6.40 6.80 2.1 J 
2 8 10856 9 114 6.10 6.50 3.4 J 
2 9 10857 5 106 6.20 6.70 2.1 6 
3 1 10858 8 105 5.90 6.40 2.9 2 
-> J 2 10859 4 116 6.30 6.65 3.6 2 
J J 10860 20 114 6.50 6.70 2.5 1 
J 4 10861 7 114 6.00 6.50 2.8 1 
•"» 5 10862 6 116 6.75 7.10 2.4 1 
J 6 10863 7 126 6.40 6.70 2.5 1 
*> 7 10864 10 117 6.00 6.50 2.9 4 
8 10865 11 124 6.10 6.50 3.7 J 
•-* J 9 10866 7 128 6.40 6.75 2.4 6 
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Table A-2 continued. 
Rep 
Soybean 0-15cm 
Treamient Lab # ppm P ppni pH BpH % OM ppn N 
1 1 10867 8 112 6.85 7.00 2.5 
1 2 10868 10 97 7.20 7.20 2.7 
1 J 10869 8 114 7.25 7.20 2.8 
1 4 10870 12 124 6.50 6.70 3.1 
1 5 10871 14 101 6.95 7.00 3.0 
1 6 10872 10 116 7.00 7.10 2.8 
1 7 10873 19 126 6.85 7.00 3.2 
1 8 10874 11 108 6.90 7.00 2.7 
1 9 10875 16 118 6.65 6.90 2.7 
2 1 10876 20 117 6.50 6.70 3.4 
2 2 10877 19 111 6.30 6.60 3.1 
2 10878 19 118 6.50 6.70 3.2 
2 4 10879 13 92 6.80 7.00 2.5 
2 5 10880 23 128 6.30 6.70 3.9 
2 6 10881 20 114 6.80 7.00 3.2 
2 7 10882 12 114 6.85 7.00 2.3 
2 8 10883 16 114 6.50 6.70 3.2 
2 9 10884 10 116 6.80 7.00 2.8 
3 1 10885 16 109 6.50 6.70 3.2 
J 2 10886 16 109 6.90 7.00 3.4 
J J 10887 13 I I I  6.85 7.00 2.5 
J 4 10888 12 114 6.60 6.80 2.7 
J 5 10889 17 119 6.90 7.00 2.7 
J 6 10890 16 117 6.60 6.80 2.9 
J 7 10891 9 115 6.10 6.50 2.8 
J 8 10892 24 112 6.70 6.95 3.4 
•-I J 9 10893 12 103 6.90 7.00 2.9 
2 
2 
2 
4 
2 
J 
7 
2 
4 
5 
4 
5 
4 
5 
5 
5 
5 
4 
5 
4 
4 
4 
J 
4 
J 
4 
4 
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Table A-2 continued. 
Soybean 15-30cm 
Rep Treatment Lab # ppm P ppm K pH BpH % OM ppm N 
1 1 10894 6 120 6.50 6.80 2.4 1 
1 2 10895 2 91 7.30 7.30 2.1 1 
1 J 10896 J 112 7.45 7.40 1.7 1 
1 4 10897 2 102 7.10 7.10 2.4 1 
1 5 10898 4 96 6.75 7.00 1.9 1 
I 6 10899 2 114 6.50 6.80 1.9 1 
I 7 10900 5 109 6.05 6.75 2.9 
1 8 10901 2 91 6.30 6.70 1.9 1 
1 9 10902 J 113 6.30 6.60 2.5 1 
2 1 10903 6 114 6.10 6.50 3.2 
2 2 10904 6 116 6.10 6.50 3.7 1 
2 3 10905 4 115 6.30 6.60 2.9 1 
2 4 10906 6 94 6.20 6.65 2.6 1 
2 5 10907 6 112 6.10 6.50 2.7 1 
2 6 10908 21 99 6.00 6.45 .3 .J 2 
2 7 10909 7 99 6.40 6.80 3.1 2 
2 S 10910 8 120 6.10 6.50 3.4 2 
2 9 10911 J 94 6.30 6.70 2.2 2 
J 1 10912 5 96 6.10 6.65 3.1 2 
s 
J 2 10913 6 117 6.60 6.80 3.2 2 
J J 10914 5 114 6.50 6.70 1.9 2 
J 4 10915 5 106 6.00 6.50 2.6 2 
J 5 10916 5 103 6.60 6.80 2.5 1 
J 6 10917 6 117 6.10 6.50 2.5 1 
n 
J 7 10918 21 128 6.70 7.00 2.9 6 
J 8 10919 7 109 6.00 6.50 3.2 2 
J 9 10920 5 108 5.80 6.80 2.3 2 
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Table A-3. Soil properties prior to manure application for 1997. 
Crop Depth(cin) Treatment ppm P ppm K PH O.M. ppm N 
1997 Soybean 0-15 Check 150 Ib/ac 12.3 84.3 6.5 3.1 2.2 
1997 Soybean 0-15 Fall Inject 150 Ib/ac 13.0 82.3 6.8 3.2 1.3 
1997 Soybean 0-15 Fall Inject 300 Ib/ac 12.7 91.0 6.7 3.1 0.9 
1997 Soybean 0-15 Fall Inject 150 Ib/ac (Slot) 12.0 91.7 6.5 2.7 1.1 
1997 Soybean 0-15 Fall Inject 300 Ib/ac (Slot) 12.0 82.7 7.0 2.7 l.I 
1997 Soybean 0-15 Late Winter BCST 150 Ib/ac 24.7 107.3 6.7 3.0 1.3 
1997 Soybean 0-15 Late Winter BCST 300 Ib/ac 30.3 118.0 6.5 3.0 1.5 
1997 Soybean 0-15 Spring Inject 150 Ib/ac 21.0 98.7 6.6 3.1 1.8 
1997 Soybean 0-15 Spring Inject 300 Ib/ac 21.7 110.0 6.7 2.4 0.9 
Crop Depth(cm) Treatment ppm P ppm K pH O..M. ppm N 
1997 Soybean 15-30 Check 150 Ib/ac 5.7 73.0 5.9 2.7 <I 
1997 Soybean 15-30 Fall Inject 150 Ib/ac 6.3 82.0 6.1 3.1 <1 
1997 Soybean 15-30 Fall Inject 300 Ib/ac 8.7 84.0 6.0 2.6 <1 
1997 Soybean 15-30 Fail Inject 150 Ib/ac (Slot) 6.7 86.0 6.0 2.2 <1 
1997 Soybean 15-30 Fall Inject 300 Ib/ac (Slot) 6.7 81.0 6.4 2.1 <1 
1997 Soybean 15-30 Late Winter BCST 150 Ib/ac 8.3 90.3 6.1 2.5 <1 
1997 Soybean 15-30 Late Winter BCST 300 Ib/ac 7.3 98.3 6.1 2.2 <1 
1997 Soybean 15-30 Spring Inject 150 Ib/ac 13.3 83.7 6.0 2.8 <1 
1997 Soybean 15-30 Spring Inject 300 Ib/ac 7.3 79.7 6.1 2.1 <I 
Crop Depth(cm) Treatment ppm P ppm K pH O.M. ppm N 
1997 Com 0-15 Check 150 Ib/ac 11.0 90.7 6.6 2.9 <1 
1997 Com 0-15 Fall Inject 150 ib/ac 13.3 78.3 6.9 3.2 1.1 
1997 Com 0-15 Fall Inject 300 Ib/ac 18.0 90.0 7.1 3.0 3.1 
1997 Com 0-15 Fail Inject 150 Ib/ac (Slot) 21.3 98.7 6.7 2.3 <1 
1997 Com 0-15 Fail Inject 300 Ib/ac (Slot) 18.3 92.7 7.0 2.8 2.1 
1997 Com 0-15 Late Winter BCST 150 Ib/ac 23.3 114.3 6.9 3.0 0.8 
1997 Com 0-15 Late Winter BCST 300 Ib/ac 34.7 114.3 6.8 3.0 1.5 
1997 Com 0-15 Spring Inject 150 Ib/ac 20.0 93.0 6.7 3.0 2.3 
1997 Com 0-15 Spring Inject 300 Ib/ac 2 1 . 3  92.7 6.9 2.5 4.0 
Crop Depth(cm) T reatment ppm P ppm K pH O.M. ppm N 
1997 Com 15-30 Check 150 Ib/ac 5.0 89.0 6.2 2.7 1.0 
1997 Com 15-30 Fail Inject 150 Ib/ac 10.0 80.0 6.4 2.9 <1 
1997 Com 15-30 Fail Inject 300 Ib/ac 14.3 88.7 6.4 2.4 6.4 
1997 Com 15-30 Fail Inject 150 Ib/ac (Slot) 7.3 87.3 6.0 2.4 <1 
1997 Com 15-30 Fail Inject 300 Ib/ac (Slot) 7.3 86.3 6.2 2.6 2.5 
1997 Com 15-30 Late Winter BCST 150 Ib/ac 8.7 88.7 6.3 2.8 <I 
1997 Com 15-30 Late Winter BCST 300 Ib/ac 8.3 94.7 6.1 2.3 <1 
1997 Com 15-30 Spring Inject 150 Ib/ac 6.7 85.3 6.0 2.8 5.8 
1997 Com 15-30 Spring Inject 300 Ib/ac 29.7 80.0 6.3 2.1 9.5 
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Table A-4. Soil properties prior to manure application for 1998. 
Soybean 0-15cm 
CLIENT 
Rep Trt. LAB# ID ppm P ppm K pH %OM ppm N 
1 1 16546 3 16 126 6.75 3.1 J 
1 I 16546 J 16 132 6.75 3.2 J 
2 1 16581 38 25 132-142 6.55 3.4 J 
2 1 16581 38 25 67-140 6.50 3.6 
J 1 16617 74 27 131 6.80 3.8 2 
3 1 16617 74 27 129 6.80 3.6 2 
I 2 16549 6 13 103 7.25 3.2 2 
1 2 16549 6 13 93 7.25 J.J 2 
-) 2 16585 42 17 107 6.65 3.7 2 
2 2 16585 42 16 108 6.60 3.7 2 
J 2 16621 78 16 123 6.90 4.1 J 
J 2 16621 78 17 122 6.85 4.0 J 
1 J 16553 10 10 123 7.35 3.0 2 
1 3 16553 10 11 117 7.30 3.1 2 
") J 16589 46 21 109 6.60 3.7 J 
2 J 16589 46 21 113 6.60 3.7 J 
J 16625 82 13 120 7.10 3.1 J 
3 16625 82 14 117 7.05 3.1 J 
1 4 16557 14 11 119 6.40 3.2 2 
1 4 16557 14 11 112 6.35 J.J 2 
2 4 16593 50 12 101 6.95 2.9 1 
2 4 16593 50 12 105 6.95 3.0 1 
J 4 16629 86 18 148 6.55 J.J 2 
J 4 16629 86 18 145 6.50 J.J 2 
1 5 16561 18 14-17 120 7.05 3.0 1 
1 5 16561 18 18-17 121 7.00 3.2 1 
2 5 16597 54 24 117 6.70 3.3 1 
2 5 16597 54 22 117 6.70 3.3 1 
3 5 16633 90 19 140 7.35 J.J 2 
•> J 5 16633 90 18 138 7.35 3.4 2 
1 6 16565 22 12 115 7.25 3.2 4 
I 6 16565 22 13 117 7.25 J.J 4 
2 6 16601 58 16 112 6.90 3.6 2 
2 6 16601 58 16 108 6.90 3.7 2 
J 6 16637 94 17 129 6.60 3.1 2 
-4 J 6 16637 94 17 129 6.55 3.1 2 
1 7 16569 26 29-32 153 6.70 3.4 4 
1 7 16569 26 31-31 152 6.70 3.6 4 
2 7 16605 62 17 111 6.90 2.7 1 
2 7 16605 62 16 108 6.90 3.0 1 
J 7 16641 98 24 144 6.70 3.2 J 
Table A-4 continued. 
CLIENT 
Rep Trt. LAB# ID ppm P ppm K pH %OM ppm N 
1 8 16573 30 16 107 7.15 3.0 J 
1 8 16573 30 16 109 7.10 3.0 J 
2 8 16609 66 23 111 6.75 3.7 2 
2 8 16609 66 24 110 6.75 3.8 2 
J 8 16645 102 28 137 6.80 3.7 2 
-y 
J 8 16645 102 29 139 6.75 3.8 2 
1 9 16577 34 18 143 6.80 3.2 5 
1 9 16577 34 18 141 6.80 J.J 5 
2 9 16613 70 32 103 7.05 3.2 2 
2 9 16613 70 105 7.00 3.1 2 
J 9 16649 106 20 127 7.20 2.8 2 
J 9 16649 106 19 122 7.20 2.9 2 
Soybean 15-30cm 
1 1 16547 4 7-8 123 5.80 2.7 
1 I 16547 4 10-8 119 5.85 2.9 3 
2 1 16583 40 8 109 5.65 4 
2 1 16583 40 8 110 5.65 3.4 4 
J 1 16619 76 8 106 5.65 3.5 2 
J 1 16619 76 8 107 5.70 3.5 2 
1 2 16551 8 4 102-108 7.20 2.1 
1 2 16551 8 5 82-106 7.15 2.1 2 
2 2 16587 44 12 97 5.65 3.8 J 
2 2 16587 44 11 100 5.65 4.0 J 
2 16623 80 6 125 6.15 3.6 J 
J 2 16623 80 6 123 6.15 3.7 
1 1 •-* J 16555 12 21 119 7.05 2.4 3 
1 J 16555 12 21 123 7.00 2.5 J 
2 J 16591 48 12 94 5.60 3.5 3 
2 J 16591 48 10 89 5.60 3.6 J 
J 
-» 
J 16627 84 12 125 5.85 2.7 3 
J J 16627 84 12 117 5.90 2.7 
1 4 16559 16 5 117 5.65 2.6 3 
1 4 16559 16 5 122 5.65 2.7 3 
2 4 16595 52 4 79 5.80 2.5 2 
2 4 16595 52 4 79 5.85 2.6 2 
•> 
J 4 16631 88 6 112 6.00 2.9 3 
-> 
J 4 16631 88 6 119 6.05 3.0 3 
I 5 16563 20 J 99 6.35 2.2 2 
1 5 16563 20 4 95 6.40 2.2 2 
2 5 16599 56 17 99 5.65 3.2 3 
2 5 16599 56 17 103 5.60 3.3 3 
J 5 16635 92 10 126 6.25 3.0 4 
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Table A-4 continued. 
Rep Trt. LAB# 
CLIENT 
ID ppm P ppm K pH %OM ppm N 
1 6 16567 24 4 115 6.25 2.7 4 
1 6 16567 24 5 114 6.25 2.7 4 
2 6 16603 60 6 91 5.75 3.4 2 
2 6 16603 60 6 92 5.75 3.6 2 
J 6 16639 96 7 116 5.70 3.2 4 
3 6 16639 96 8 114 5.70 3.3 4 
1 7 16571 28 8 126 5.80 3.1 6 
1 7 16571 28 8 124 5.80 3.1 6 
2 7 16607 64 5 99 5.95 2-1 J 
2 7 16607 64 5 100 6.00 2.2 J 
J 7 16643 100 8 121 6.25 2.9 3 
-» J 7 16643 100 8 120 6.30 3.0 3 
1 8 16575 32 8 98 6.80 2.1 J 
1 8 16575 32 9 98 6.85 2.2 J 
2 8 16611 68 16 97 5.55 3.6 J 
2 8 16611 68 16 104 5.60 3.8 J 
J 8 16647 104 24 107 5.85 3.7 J 
J 8 16647 104 24 108 5.85 3.7 J 
1 9 16579 36 7-4 119 5.85 2.7 6 
1 9 16579 36 4-4 114 5.90 2.8 6 
2 9 16615 72 20-18 81 6.10 2.7 J 
2 9 16615 72 15-17 84 6.10 2.5 •n J 
J 9 16651 108 25 103 5.85 2.5 J 
-1 J 9 16651 108 27 103 5.90 2.6 J 
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Table A-4 continued. 
Com 0-I5cm 
Rep Trt. LAB# 
CLIENT 
ID ppm P ppm K pH %OM ppm N 
1 1 16544 1 21 151 6.75 3.4 2 
1 1 16544 1 21 150 6.70 3.5 2 
2 1 16580 37 21 126 6.50 2.9-3.4 J 
2 1 16580 37 22 126 6.50 3.4-3.6 J 
J 1 16616 73 23 111 6.70 3.6 2 
J 1 16616 73 24 116 6.70 3.5 2 
1 2 16548 5 10 125 7.30 3.4 J 
1 2 16548 5 11 117 7.25 3.4 J 
2 2 16584 41 18 119 6.30 3.5-3.9 2 
2 2 16584 41 17 119 6.30 3.9-4.1 2 
J 2 16620 77 12 125 7.10 4.1 1 
3 2 16620 77 12 126 7.10 4.0 1 
1 J 16552 9 12 131 7.05 3.2 4 
1 J 16552 9 13 131 7.10 3.2 4 
2 J 16588 45 20 123 6.60 3.9 J 
2 J 16588 45 19 126 6.55 4.0 2 
•-I 16624 81 13 138 7.00 3.4 J 
-> J 16624 81 14 142 7.00 3.2 2 
1 4 16556 13 9 111 6.70 3.0 2 
1 4 16556 13 9 107 6.70 3.0 1 
2 4 16592 49 10 112 6.85 3.0 1 
2 4 16592 49 11 112 6.80 3.1 1 
-* J 4 16628 85 11 132 6.90 3.3 2 
J 4 16628 85 12 131 6.85 .3.J 2 
1 5 16560 17 19 132 7.10 3.3 2 
1 5 16560 17 20 132 7.05 J.J 2 
2 5 16596 53 15 113 7.00 3.0 1 
2 5 16596 53 15 113 7.00 3.2 1 
J 5 16632 89 15 141 7.25 3.0 2 
J 5 16632 89 15 143 7.30 3.0 2 
1 6 16564 21 17 129 7.40 3.1 J 
1 6 16564 21 19 127 7.40 3.1 J 
2 6 16600 57 27 126 6.60 3.8 2 
2 6 16600 57 27 126 6.60 4.1 1 
J 6 16636 93 19 133 6.85 3.2 1 
J 6 16636 93 19 132 6.90 3.2 1 
1 7 16568 25 36 197 6.85 3.3 5 
1 7 16568 25 39 188 6.85 3.5 5 
2 7 16604 61 20 142 5.70 2.8 1 
2 7 16604 61 21 146 5.70 2.9 1 
J 7 16640 97 40 196 6.60 3.6 4 
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Table A-4 continued. 
Rep Tit. LAB # 
CLIENT 
ID ppm P ppm K pH %OM ppm N 
1 8 16572 29 17 110 7.05 3.1 5 
1 8 16572 29 17 114 7.05 3.2 5 
2 8 16608 65 27 133 6.80 3.7-3.8 2 
2 8 16608 65 27 136 6.85 4.2-4.2 2 
J 8 16644 101 25 145 7.15 3.7 2 
J 8 16644 101 24 140 7.10 3.7 2 
I 9 16576 35 168 6.00 3.3-3.4 6 
1 9 16576 33 35 166 6.00 3.9-3.6 6 
2 9 16612 69 36--37 132 7.15 2.8 J 
2 9 16612 69 31--32 132 7.15 3.1 2 
J 9 16648 105 54 166 6.95 3.2 J 
-) 9 16648 105 53 169 6.95 J.J J 
n 15-30cm 
1 1 16545 2 5 116--129 5.75 2.7 1 
1 1 16545 2 5 128--130 5.75 2.7 1 
2 1 16582 39 7 117 5.70 J.J—J.J 2 
2 1 16582 39 7 115 5.70 3.7-3.4 J 
J 1 16618 75 7 101 5.85 3.4 1 
3 1 16618 75 8 102 5.90 3.4 2 
1 2 16550 7 J 86 6.55 2.5 2 
1 2 16550 7 5 86 6.55 2.6 1 
T 2 16586 43 9 96 5.55 4.0 2 
2 2 16586 43 10 100 5.60 4.1 2 
J 2 16622 79 11 105 5.80 3.8 2 
J 2 16622 79 11 104 5.80 3.9 2 
1 J 16554 11 14 132 5.80 2.6 7 
1 J 16554 11 15 130 5.85 2.6 7 
2 3 16590 47 10 96 5.55 3.8 4 
2 -> J 16590 47 10 98 5.50 4.1 4 
-* J J 16626 83 13 126 5.65 2.7 3 
J J 16626 83 15 127 5.65 2.6 J 
1 4 16558 15 5 102 6.00 2.5 2 
1 4 16558 15 5 106 6.00 2.5 2 
2 4 16594 51 10--6 77 5.70 2.5 1 
2 4 16594 51 6--7 84 5.75 2.6 1 
3 4 16630 87 5 114 5.90 3.2 •n J 
J 4 16630 87 6 111 5.85 3.2 J 
1 5 16562 19 5 97 6.70 2.4 4 
1 5 16562 19 6 100 6.60 2.5 4 
2 5 16598 55 7 83 5.80 2.8 1 
2 5 16598 55 7 86 5.75 2.9 1 
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Table A-4 continued. 
Rep Trt LAB# 
CLIENT 
ID ppm P ppm K pH %OM ppm N 
J 5 16634 91 6 125 6.60 2.7 J 
1 6 16566 23 4 118 6.45 2.4 2 
1 6 16566 23 4 118 6.40 2.5 2 
2 6 16602 59 6 92 6.00 3.6 2 
2 6 16602 59 6 89 6.00 3.6 2 
J 6 16638 95 7 120 6.00 3.2 1 
«> J 6 16638 95 7 120 5.95 3.2 1 
I 7 16570 27 8 130 5.80 3.0 6 
I 7 16570 27 8 129 5.80 3.1 6 
2 7 16606 63 4 105 6.50 1.9 1 
2 7 16606 63 4 104 6.50 2.0 1 
J 7 16642 99 13 140 5.90 3.4 4 
J 7 16642 99 12 139 5.95 3.4 3 
1 8 16574 31 6 91 6.35 2.3 J 
1 8 16574 31 6 91 6.30 2.4 J 
2 8 16610 67 8 102 6.00 3.5 2 
2 8 16610 67 8 103 6.00 3.6 2 
J 8 16646 103 15 125 6.10 3.9 2 
J 8 16646 103 15 126 6.10 4.0 2 
1 9 16578 35 8 130 6.90 2.8 7 
I 9 16578 35 8 121 5.85 2.8 7 
2 9 16614 71 8 99 6.40 2.4 2 
2 9 16614 71 10 97 6.40 2.3 2 
•-» J 9 16650 107 15 123 5.90 2.8 J 
J 9 16650 107 15 121 5.95 2.9 J 
Table A-5. Soil properties prior to manure application for 1999. 
Soybean 0-15cm 
Rep Trt LAB# ppm P ppm K pH %OM ppm 
1 1 12027 21 114 7.05 3.4 7 
2 1 12036 26 111 6.75 3.4 8 
J 1 12045 26 103 7.30 J.J 9 
1 2 12028 11 85 7.25 3.4 9 
2 2 12037 17 104 7.05 3.5 8 
J 2 12046 16 97 7.35 3.8 9 
I 3 12029 8 104 7.45 3.1 5 
2 3 12038 21 118 6.90 3.7 8 
3 J 12047 14 114 7.30 2.9 6 
1 4 12030 7 122 6.95 2.7 5 
2 4 12039 10 84 7.10 2.9 9 
4 12048 13 110 7.25 3.1 6 
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Table A-5 continued. 
Rep Trt. LAB # ppm P ppm K pH ®/oOM ppm N 
1 5 12031 10 94 7.50 3.0 6 
2 5 12040 20 132 7.30 3.1 4 
•-> J 5 12049 22 129 7.25 3.0 9 
1 6 12032 18 105 7.50 3.0 8 
2 6 12041 28 109 7.15 3.6 11 
J 6 12050 25 124 7.25 3.2 7 
I 7 12033 31 146 6.70 3.1 7 
2 7 12042 29 140 7.45 2.7 7 
J 7 12051 46 160 6.60 '> J.J 8 
1 8 12034 15 90 7.20 9 
2 8 12043 30 118 6.85 3.7 9 
J 8 12052 29 118 7.10 3.5 7 
1 9 12035 29 121 6.95 3.2 8 
2 9 12044 29 120 7.25 2.9 8 
J 9 12053 43 130 6.95 3.2 7 
Soybean 15-30cm 
1 1 12081 4 101 6.10 2.7 2 
2 1 12090 10 92 5.80 3.4 2 
J 1 12099 10 84 5.85 3.3 J 
1 2 12082 J 76 6.40 2.5 1 
2 2 12091 14 94 5.75 3.6 4 
J 2 12100 18 87 5.75 3.5 5 
1 J 12083 7 94 6.70 2.7 J 
2 J 12092 12 89 5.55 3.6 J 
3 -> J 12101 11 84 6.00 2.4 J 
1 4 12084 4 77 6.45 2.5 2 
2 4 12093 4 80 6.00 2.5 2 
J 4 12102 10 74 5.75 2.8 3 
1 5 12085 4 71 6.80 2.5 1 
2 5 12094 7 81 6.15 2.8 2 
-» J 5 12103 16 86 6.25 2.6 J 
1 6 12086 4 85 6.50 2.3 2 
2 6 12095 9 82 6.00 3.6 3 
-> J 6 12104 9 94 6.00 2.8 2 
1 7 12087 8 89 6.00 2.6 2 
2 7 12096 5 85 6.55 2.1 2 
J 7 12105 11 103 6.00 3.2 2 
1 8 12088 7 82 6.10 2.5 J 
2 8 12097 13 76 5.70 3.4 3 
-* J 8 12106 13 96 6.20 3.8 3 
1 9 12089 6 97 6.10 2.6 2 
2 9 12098 5 76 6.20 2.3 2 
J 9 12107 23 94 6.25 2.6 3 
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Table A-5 continued. 
Com 0-15cm 
Rep Trt. LAB# ppm P ppm K PH %OM ppm N 
1 1 12000 17 101 7.40 3.2 4 
2 I 12009 30 110 7.10 3.5 6 
J 1 12018 28 104 7.20 3.4 5 
1 2 12001 13 89 7.70 3.2 4 
2 2 12010 23 107 7.10 3.8 6 
J 2 12019 18 100 7.35 3.6 6 
1 •-» J 12002 13 107 7.65 3.0 J 
2 J 12011 34 117 7.35 3.7 7 
J J 12020 18 127 7.40 2.6 I 
1 4 12003 19 124 7.40 3.3 6 
2 4 12012 17 102 7.25 2.8 5 
J 4 12021 13 113 7.35 3.0 5 
1 5 12004 19 108 7.35 3.1 5 
2 5 12013 34 132 7.25 3.3 6 
o J 5 12022 16 106 7.45 2.8 5 
1 6 12005 26 100 7.40 3.1 4 
2 6 12014 41 97 7.25 3.4 8 
J 6 12023 26 94 7.20 3.0 8 
1 7 12006 69 130 7.30 3.4 12 
2 7 12015 58 99 7.20 2.8 7 
J 7 12024 60 120 7.15 3.3 8 
1 8 12007 17 87 7.35 3.1 4 
2 8 12016 22 105 7.20 3.5 5 
J 8 12025 21 103 7.15 3.6 <1 
1 9 12008 35 121 7.35 3.2 5 
2 9 12017 30 95 7.35 3.2 4 
J 9 12026 20 96 7.45 2.9 6 
Com 15-30cm 
1 1 12054 5 117 5.95 2.8 1 
2 1 12063 10 102 5.70 3.5 2 
-> J 1 12072 8 90 5.80 J.J 2 
1 2 12055 5 96 6.95 2.7 1 
2 2 12064 12 104 5.55 3.7 2 
J 2 12073 13 106 6.35 3.5 4 
1 J 12056 7 104 6.80 2.4 1 
2 3 12065 20 114 5.65 3.7 3 
J J 12074 10 95 5.95 2.5 2 
1 4 12057 10 111 5.85 2.9 J 
2 4 12066 13 103 5.70 2.6 2 
-» J 4 12075 9 103 5.75 2.7 3 
1 5 12058 9 91 6.30 2.7 3 
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Table A-5 continued. 
Rep Trt. LAB# ppm P ppm K pH %OM ppm 
2 5 12067 26 107 5.75 3.2 5 
J 5 12076 10 99 6.65 2.6 2 
1 6 12059 6 100 6.25 2.5 2 
2 6 12068 13 85 6.00 3.5 J 
•-> J 6 12077 10 105 5.90 2.9 J 
1 7 12060 13 106 5.95 3.0 J 
2 7 12069 7 91 6.15 2.2 2 
J 7 12078 15 101 6.10 2.9 J 
1 8 12061 8 82 5.95 2.4 J 
2 8 12070 10 103 5.80 3.8 2 
J 8 12079 14 94 5.85 J.J 2 
1 9 12062 36 102 6.25 3.0 5 
2 9 12071 24 88 5.95 2.5 J 
J 9 12080 7 94 6.15 2.5 2 
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APPENDIX B. Field Manure Data 
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Table B-1. Manure analyses for fall 1996, winter 1997, and spring 1997 applications. 
ID Moisture solids TKN Ammonia Nitrate Total N Phosphorus Potash 
NH3-N N03-N P205 K20 
% % mg/1 mg/l mg/1 mg/l % % 
Fall Applications 1996 
Pre Apply 2600 
Rep-T reat 
1-2 97.9 2.1 3000 2683 140 3140 800 1400 
2-2 97.9 2.1 2900 2913 140 3040 1200 1500 
3-2 98.0 2.0 3000 2373 140 3140 600 1400 
1-3 98.0 2.0 3000 2683 153 3153 1100 1300 
2-3 98.1 1.9 3000 2683 146 3146 1100 1500 
3-3 98.0 2.0 2900 2186 146 3046 1100 1400 
1-4 97.0 3.0 3000 2277 114 3114 900 1000 
2-4 97.9 2.1 3000 2576 118 3118 1200 1500 
3-4 98.1 1.9 3000 2472 118 3118 1100 1200 
1-5 97.9 2.1 2900 2277 134 3034 1300 1500 
2-5 97.9 2.1 2700 2373 153 2853 1000 1100 
3-5 96.9 3.1 3500 2913 242 3742 1800 1400 
Average 97.8 2.2 2992 2534 145 3137 1100 1350 
Pre Apply 
Winter Applications 1997 
1 96.4 3.6 4300 2456 22 4322 4600 2500 
2 96.6 3.4 4400 2266 20 4420 4000 2800 
3 96.4 3.6 4400 2176 19 4419 4000 2400 
Average 96.5 3.5 4367 2299 20 4387 4200 2567 
Rep-Treat 
1-6 96.3 3.7 4200 2939 21 4221 2300 2400 
2-6 96.9 3.1 4100 2939 21 4121 2100 2300 
3-6 96.7 3.3 4000 2939 21 4021 1900 2000 
1-7 96.3 3.7 4000 2939 21 4021 2600 2300 
2-7 96.2 3.8 4000 2939 21 4021 2400 2400 
3-7 96.6 3.4 4000 2939 21 4021 2500 2500 
Average* 96.5 3.5 4050 2939 21 4071 2300 2317 
* values for NH3-N and N03-N were measured on samples RI-6, and assumed to be the same for 
samples R2-6 through R3-7. 
** To get plant available N, multiply X 0.7 (broadcast application loss) X 0.75 (plant availability) 
= 0.525 times totals shown 
I l l  
Table B-1 continued. 
ID Moisture solids TKN Ammonia Nitrate Total N Phosphorus Potash 
NH3-N N03-N P205 K20 
% % mg/l mg/l mg/l mg/l % % 
Spring Applications 1997 
Pre Apply 
1 88.5 11.5 6300 2571 21 6321 6900 1500 
2 89.0 11.0 6300 2678 22 6322 6500 1600 
3 88.9 11.1 6300 2789 20 6320 6900 1800 
Average 88.8 11.2 6300 2679 21 6321 6767 1633 
Rep-T real 
1-8 89.6 10.4 6100 2820 24 6124 6900 1700 
2-8 88.8 11.2 6000 2707 29 6029 6800 1800 
3-8 88.5 11.5 6100 2820 26 6126 6600 1700 
1-9 88.7 11.3 6000 2707 25 6025 7200 1800 
2-9 88.9 11.1 6100 2937 27 6127 6800 1700 
3-9 88.4 11.6 6100 2707 30 6130 6500 1700 
Average 88.8 IIJ: 6067 2783 27 6094 6800 1733 
' To get plant available N, multiply X 0.95 (injection application loss) X 0.75 (plant availability) 
= 0.7125 times totals shown 
Table B-2. Manure analysis prior to 1997 fall applications. 
Date 27-Oct 27-Oct 27-Oct 27-Oct 
Preapply I Preapply 2 Preapply 3 Pre Apply 
Lab Number 59727 59728 59729 Average 
"b Moisture 97.40 97.60 97.50 97.50 
°/o Nitrogen 0.45 0.44 0.44 0.44 
% Calcium 0.08 0.08 0.09 0.08 
%Phosphorus 0.08 0.08 0.08 0.08 
% P205 0.18 0.18 0.18 0.18 
% Potassium 0.25 0.25 0.26 0.25 
% K20 0.30 0.30 0.31 0.30 
% Magnesium 0.03 0.03 0.03 0.03 
% Sulflir 0.02 0.02 0.02 0.02 
% Sodium 0.06 0.07 0.07 0.07 
PPM Zinc 28.00 26.00 28.00 27.33 
PPM Manganese 11.00 10.00 11.00 10.67 
PPM Copper 3.00 3.00 3.00 3.00 
PPM Iron 54.00 491.00 50.00 198.33 
% Cobalt <1 <1 <1 <1 
% NH3-N 34700.00 23700.00 19000.00 25800.00 
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Table B-3. Manure analysis for 1997 fall applications. 
Date 30-OCI 30-0ct 30-0ct 30-0ct 30-0ct 30-C)ct 30-0ct 30-0ct 
Rep#.Treat# R1T2 R1T3 R1T4 R1T5 R2T2 R2T3 R2T4 R2T5 
Lab Number 60236 60237 60238 60239 60240 60241 60242 60243 
Moisture 97.4 97.4 97.2 97.1 97.3 913 97.6 913 
% Nitrogen 0.45 0.48 0.47 0.49 0.43 0.47 0.44 0.45 
% Calcium 0.08 0.08 0.08 0.07 0.08 0.08 0.08 0.08 
%Phosphorus 0.07 0.04 0.07 0.06 0.07 0.08 0.07 0.07 
<7c P205 0.16 0.16 0.16 0.14 0.16 0.18 0.16 0.16 
% Potassium 0.23 0.23 0.23 0.21 0.22 0.23 0.22 0.25 
<7c K20 0.28 0.28 0.28 0.25 0.26 0.28 0.26 0.3 
9c Magnesium 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 
% Sulfur 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
% Sodium 0.06 0.06 0.06 0.05 0.06 0.06 0.06 0.07 
PPM Zinc 26 24 25 22 25 28 26 26 
PPM Manganese 10 10 10 10 10 11 11 11 
PPM Copper 3 3 3 3 3 3 3 3 
PPM Iron 45 45 45 53 51 50 46 59 
% Cobalt >1 >1 >1 >1 >1 >1 >1 >1 
<7c NH3-N 5120 5590 5380 5460 4930 5540 5360 5990 
mg/1 Nitrates 156.7 288.7 176.7 212.7 156.7 256.7 162.7 230.7 
Table B-4 continued. 
Date 30-0ct 30-0ct 30-0ct 30-0ct 30-C)ct 30-0cl 30-0ct 30-0ct 
Rep# .Treat# R3T2 R3T3 R3T4 R3T5 TRTMT2 TRTMT3 TRTMT4 TRTMT5 
Lab Number 60244 60245 60246 60247 Average Average Average Average 
7c Moisture 97.50 97.50 97.50 97.60 97.30 97.40 97.47 97.43 
% Nitrogen 0.43 0.45 0.46 0.45 0.47 0.44 0.47 0.46 
% Calcium 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
%Phosphorus 0.07 0.07 0.07 0.07 0.07 0.07 0.06 0.07 
% P205 0.16 0.16 0.16 0.16 0.15 0.16 0.17 0.16 
% Potassium 0.24 0.23 0.24 0.25 0.23 0.23 0.23 0.23 
9c K20 0.29 0.28 0.29 0.30 0.28 0.28 0.28 0.28 
9c Magnesium 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
9c Sulfur 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
9c Sodium 0.07 0.06 0.06 0.07 0.06 0.06 0.06 0.06 
PPM Zinc 26.00 27.00 26.00 26.00 24.00 25.67 26.33 25.67 
PPM Manganese 11.00 10.00 10.00 10.00 10.50 10.33 10.33 10.33 
PPM Copper 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 
PPM Iron 54.00 54.00 51.00 49.00 56.00 50.00 49.67 47.33 
9c Cobalt <1 <I <1 <1 <1 <1 <1 <1 
9c NH3-N 5430.00 61.00 4660.00 5020.00 5725.00 5160.00 3730.33 5133.33 
mg/1 Nitrates 162.70 212.70 156.70 144.70 221.70 158.70 252.70 165.37 
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Table B-5. Manure analysis prior to 1998 late winter applications 
• 
Date 13-Mar 13-Mar 13-Mar 13-Mar 
Preapply 1 Preapply 2 Preapply 3 Pre Apply 
Lab Number 67798 67799 67800 Average 
% Moisture 98.10 98.00 98.10 98.07 
% Nitrogen 0.31 0.30 0.31 0.31 
% Calcium 0.06 0.07 0.06 0.06 
%Phosphorus 0.07 0.04 0.06 0.06 
%P205 0.16 0.14 0.14 0.15 
% Potassium 0.18 0.19 0.18 0.18 
% K20 0.22 0.23 0.22 0.22 
% Magnesium 0.02 0.02 0.02 0.02 
% Sulfur 0.01 0.01 0.01 0.01 
% Sodium 0.05 0.05 0.05 0.05 
PPM Zinc 18.00 18.00 16.00 17.33 
PPM Manganese 6.00 5.00 5.00 5.33 
PPM Copper 2.00 2.00 2.00 2.00 
PPM Iron 44.00 43.00 39.00 42.00 
% Cobalt <1 <1 <1 <1 
% NH3-N 2270.00 2260.00 2230.00 2253.33 
mg/I Nitrates 72.70 78.70 68.70 73.37 
Table B-6. Manure analysis for 1998 late winter applications. 
Date 5-Apr 5-Apr 5-Apr 5-Apr 5-Apr 5-Apr 5-Apr 5-Apr 
Rep#Treat# R1T6 R1T7 R2T6 R2T7 R3T6 R3T7 TRTMT6 TRTMT7 
Lab Number 70341 70342 70343 70344 70345 70346 Average Average 
% Moisture 98.60 97.90 98.60 98.60 98.60 98.60 98.60 98.37 
% Nitrogen 0.29 0.28 0.28 0.29 0.29 0.29 0.29 0.29 
% Calcium 0.04 0.04 0.04 0.04 0.04 0.05 0.04 0.04 
%Phospiiorus 0.04 0.05 0.04 0.05 0.04 0.05 0.04 0.05 
% P205 0.09 0.11 0.09 0.11 0.09 0.11 0.09 0.11 
% Potassium 0.16 0.18 0.18 0.18 0.17 0.19 0.17 0.18 
% K20 0.19 0.22 0.22 0.22 0.20 0.23 0.20 0.22 
% Magnesium 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
% Sulfur 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
% Sodium 0.05 0.05 0.06 0.05 0.05 0.06 0.05 0.05 
PPM Zinc 10.00 12.00 12.00 13.00 12.00 20.00 11.33 15.00 
PPM Manganese 3.00 4.00 4.00 4.00 3.00 4.00 3.33 4.00 
PPM Copper 1.00 1.00 1.00 1.00 1.00 2.00 1.00 1.33 
PPM Iron 34.00 39.00 38.00 39.00 37.00 41.00 36.33 39.67 
% Cobalt >1 >1 >1 >1 >1 >1 >1 >1 
% NH3-N 2450.00 2470.00 2430.00 2340.00 2340.00 2310.00 2406.67 2373.33 
mg/1 Nitrates 64.70 62.70 64.70 62.70 64.70 60.70 64.70 62.03 
114 
Table B-7. Manure analysis for 1998 spring applications. 
Date 8-Apr 8-Apr 8-Apr 8-Apr 
Preapply 1 Preapply 2 Preapply 3 Pre Apply 
Lab Number 70398 70399 70400 Average 
% Moisture 95.80 96.10 96.20 96.03 
% Nitrogen 0.50 0.50 0.50 0.50 
% Calcium 0.13 0.14 0.12 0.13 
%Phosphorus 0.14 0.14 0.13 0.14 
% P205 0.32 0.32 0.30 0.31 
% Potassium 0.26 0.25 0.24 0.25 
% K20 0.31 0.30 0.24 0.28 
% Magnesium 0.05 0.05 0.04 0.05 
% Sulfur 0.03 0.03 0.02 0.03 
% Sodium 0.07 0.07 0.07 0.07 
PPM Zinc 50.00 57.00 47.00 51.33 
PPM Manganese 15.00 15.00 14.00 14.67 
PPM Copper 21.00 22.00 21.00 21.33 
PPM Iron 85.00 87.00 84.00 85.33 
% Cobalt <1 <1 <1 <1 
% NH3-N 4840.00 4730.00 4600.00 4723.33 
mg/1 Nitrates 102.70 98.70 98.70 100.03 
Table B-8. Manure analysis for 1998 spring applications. 
Date 14-Apr 14-Apr 14-Apr I4-Apr 14-Apr 14-Apr 14-Apr I4-Apr 
Rep#Treat# R1T8 R1T9 R2T8 R2T9 R3T8 R3T9 TRTMT8 TRTMT9 
Lab Number 70665 70666 70667 70668 70669 70670 Average Average 
% Moisture 96.90 96.70 96.80 97.00 96.90 97.00 96.87 96.90 
% Nitrogen 0.50 0.49 0.49 0.49 0.49 0.49 0.49 0.49 
% Calcium 0.10 0.09 0.10 0.10 0.11 0.10 0.10 0.10 
%Phosphorus 0.12 0.10 0.26 0.25 0.11 0.26 0.16 0.20 
% P205 0.27 0.23 0.60 0.57 0.25 0.60 0.37 0.47 
% Potassium 0.24 0.21 0.31 0.25 0.24 0.25 0.26 0.24 
% K20 0.29 0.25 0.37 0.30 0.29 0.30 0.32 0.28 
% Magnesium 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.03 
% Sulfur 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
% Sodium 0.08 0.07 0.08 0.07 0.08 0.07 0.08 0.07 
PPM Zinc 42.00 38.00 40.00 42.00 48.00 46.00 43.33 42.00 
PPM Manganese 12.00 11.00 12.00 12.00 12.00 12.00 12.00 11.67 
PPM Copper 18.00 18.00 17.00 19.00 18.00 19.00 17.67 18.67 
PPM Iron 74.00 70.00 74.00 75.00 78.00 70.00 75.33 71.67 
% Cobalt >1 >1 >I >I >1 >1 >1 >1 
% NH3-N 4205.00 4255.00 3814.00 3740.00 3844.00 3667.00 3954.33 3887.33 
mg/1 Nitrates 120.70 116.70 110.70 120.70 110.70 116.70 114.03 118.03 
115 
Table B-9. Manure analysis prior to 1998 fall applications. 
Date 27-Oct 27-Oct 27-Oct 27-Oct 
Preapply 1 Preapply 2 Preapply 3 Pre Apply 
Lab Number mvtll mvtl2 mvtl3 Average 
% Moisture 98.00 98.20 98.20 98.13 
% Nitrogen 0.34 0.35 0.35 0.35 
% P205 0.14 0.15 0.14 0.14 
% K20 0.22 0.17 0.18 0.19 
% NH3-N 0.14 0.29 0.29 0.24 
Table B-10. Manure analysis for 1998 fall applications. 
Date 25-Nov 25-Nov 25-Nov 25-Nov 25-Nov 25-Nov 25-Nov 25-Nov 
Rep#,Treat# R1T2 R1T3 R1T4 R1T5 R2T2 R2T3 R2T4 R2T5 
Lab Number 81680 81681 81662 81683 81684 81685 81686 81687 
% Moisture 98.30 98.30 98.40 98.30 97.90 97.80 97.80 98.20 
% Nitrogen 0.33 0.33 0.31 0.32 0.32 0.32 0.32 0.31 
% Calcium 0.05 0.05 0.04 0.05 0.05 0.05 0.04 0.05 
%Phosphorus 0.06 0.06 0.04 0.04 0.06 0.05 0.04 0.04 
7c P205 0.13 0.13 0.09 0.09 0.13 0.11 0.09 0.09 
% Potassium 0.20 0.21 0.20 0.21 0.22 0.21 0.21 0.21 
% K20 0.24 0.25 0.24 0.25 0.26 0.25 0.25 0.25 
'^ c Magnesium 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 
% Sulfur 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
% Sodium 0.06 0.06 0.07 0.06 0.06 0.06 0.07 0.06 
PPM Zinc 12.00 13.00 10.00 15.00 13.00 18.00 11.00 12.00 
PPM Manganese 7.00 7.00 6.00 7.00 7.00 7.00 6.00 6.00 
PPM Copper 3.00 3.00 3.00 4.00 4.00 4.00 3.00 3.00 
PPM Iron 33.00 32.00 28.00 30.00 35.00 32.00 27.00 30.00 
% Cobalt <1 <1 <1 <1 <1 <1 <1 <1 
% NH3-N 2669.00 3043.00 2818.00 2774.00 2818.00 2840.00 2774.00 2720.00 
pH 7.30 7.23 7.25 7.39 7.17 7.41 7.28 7.28 
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Table B-10 continued. 
Date 25-Nov 25-Nov 25-Nov 25-Nov 25-Nov 25-Nov 25-Nov 25-Nov 
Rep#,Treat# R3T2 R3T3 R3T4 R3T5 TRTMT2 TRTMT3 TRTMT4 TRTMT5 
Lab Number 81688 81689 81690 81691 Average Average Average Average 
% Moisture 98.10 98.10 97.60 98.30 98.10 98.07 97.93 98.27 
% Nitrogen 0.32 0.32 0.31 0.31 0.32 0.32 0.31 0.31 
% Calcium 0.05 0.05 0.05 0.04 0.05 0.05 0.04 0.05 
% Phosphorus 0.05 0.05 0.04 0.04 0.06 0.05 0.04 0.04 
% P205 0.11 0.11 0.09 0.09 0.12 0.12 0.09 0.09 
% Potassium 0.22 0.21 0.22 0.21 0.21 0.21 0.21 0.21 
% K20 0.26 0.25 0.26 0.25 0.25 0.25 0.25 0.25 
% Magnesium 0.02 0.01 0.01 0.01 0.02 0.02 0.01 0.01 
% Sulfur 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
% Sodium 0.06 0.06 0.06 6.00 0.06 0.06 0.07 2.04 
PPM Zinc 12.00 12.00 13.00 15.00 12.33 14.33 11.33 14.00 
PPM Manganese 7.00 7.00 7.00 6.00 7.00 7.00 6.33 6.33 
PPM Copper 3.00 3.00 3.00 3.00 3.33 3.33 3.00 3.33 
PPM Iron 33.00 38.00 31.00 30.00 33.67 34.00 28.67 30.00 
% Cobalt <1 <1 <1 <1 <1 <1 <1 <1 
% NH3-N 2720.00 2688.00 2646.00 2646.00 2735.67 2857.00 2746.00 2713.33 
pH 7.17 7.16 7.25 7.27 7.21 7.27 7.26 7.31 
Table B-11. Manure analysis prior to 1999 late winter applications. 
Date 17-Mar 17-Mar 17-Mar 17-Mar 
Preapply 1 Preapply 2 Preapply 3 Pre Apply 
Lab Number 86959 86960 86961 average 
% Moisture 92.10 92.10 91.80 92.00 
% Nitrogen 0.46 0.48 0.49 0.48 
%Phosphorus 0.18 0.18 0.18 0.18 
% P205 0.39 0.39 0.39 0.39 
% Potassium 0.11 0.11 0.11 0.11 
% K20 0.13 0.13 0.13 0.13 
% NH3-N 0.22 0.24 0.32 0.26 
mg/1 Nitrates 0.24 0.24 0.17 0.22 
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Table B-12. Manure analysis for 1999 late winter applications. 
Date 5-Apr 5-Apr 5-Apr 5-Apr 5-Apr 5-Apr 5-Apr 5-Apr 
Rep#Treat# R1T6 R1T7 R2T6 R2T7 R3T6 R3T7 TRTMT6 TRTMT7 
Lab Number 87485 87486 87487 87488 87489 87490 average average 
% Moisture 9L00 91.30 91.20 91.00 91.40 92.50 91.20 91.60 
% Nitrogen 0.50 0.50 0.46 0.49 0.50 0.50 0.49 0.50 
% Calcium 0.20 0.19 0.17 0.37 0.18 0.18 0.18 0.25 
%Phosphorus 0.18 0.18 0.17 0.18 0.18 0.17 0.18 0.18 
% P205 0.41 0.41 0.39 0.40 0.40 0.37 0.40 0.39 
% Potassium 0.12 0.12 0.11 0.12 0.12 0.12 0.12 0.12 
% K20 0.14 0.14 0.13 0.14 0.14 0.14 0.14 0.14 
% Magnesium 0.09 0.09 0.08 0.09 0.09 0.09 0.09 0.09 
% Sulfur 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 
% Sodium 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
PPM Zinc 52.00 47.00 39.00 44.00 43.00 43.00 44.67 44.67 
PPM Manganese 18.00 18.00 16.00 17.00 18.00 17.00 17.33 17.33 
PPM Copper 5.00 5.00 4.00 5.00 5.00 5.00 4.67 5.00 
PPM Iron 215.00 216.00 209.00 217.00 227.00 207.00 217.00 213.33 
% NH3-N 2078.00 2161.00 2275.00 2257.00 2153.00 2284.00 2168.67 2234.00 
Table B-13. Manure analysis for 1999 spring applications. 
Date 17-Mar 17-Mar 17-Mar 17-Mar 
Preapply 1 Preapply 2 Preapply 3 Pre Apply 
Lab Number 86959 86960 86961 average 
% Moisture 92.10 92.10 91.80 92.00 
% Nitrogen 0.46 0.48 0.49 0.48 
%Phosphorus 0.18 0.18 0.18 0.18 
% P205 0.39 0.39 0.39 0.39 
% Potassium 0.11 0.11 0.11 0.11 
% K20 0.13 0.13 0.13 0.13 
% NH3-N 0.22 0.24 0.32 0.26 
mg/1 Nitrates 0.24 0.24 0.17 0.22 
Table B-14. Manure analysis for 1999 spring applications. 
Date l-Apr I-Apr 1-Apr 1-Apr 1-Apr 1-Apr l-Apr l-Apr 
Rep#Treat# R1T8 R1T9 R2T8 R2T9 R3T8 R3T9 TRTMT8 TRTMT9 
Lab Number 87485 87486 87487 87488 87489 87490 Average Average 
% Moisture 91.00 91.30 91.20 91.00 91.40 92.50 91.20 91.60 
% Nitrogen 0.50 0.50 0.46 0.49 0.50 0.50 0.49 0.50 
% Calcium 0.20 0.19 0.17 0.37 0.18 0.18 0.18 0.25 
^Phosphorus 0.18 0.18 0.17 0.18 0.18 0.17 0.18 0.18 
% P205 0.41 0.41 0.39 0.40 0.40 0.37 0.40 0.39 
% Potassium 0.12 0.12 0.11 0.12 0.12 0.12 0.12 0.12 
% K20 0.14 0.14 0.13 0.14 0.14 0.14 0.14 0.14 
% Magnesium 0.09 0.09 0.08 0.09 0.09 0.09 0.09 0.09 
% Sulfur 0.03 0.03 0.03 0.02 0.03 0.03 0.03 0.03 
% Sodium 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
PPM Zinc 52.00 47.00 39.00 44.00 43.00 43.00 44.67 44.67 
PPM Manganese 18.00 18.00 16.00 17.00 18.00 17.00 17.33 17.33 
PPM Copper 5.00 5.00 4.00 5.00 5.00 5.00 4.67 5.00 
PPM Iron 215.00 216.00 209.00 217.00 227.00 207.00 217.00 213.33 
% NH3-N 2078.00 2161.00 2275.00 2257.00 2153.00 2284.00 2168.67 2234.00 
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APPENDIX C. Field Water Quality Data 
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Table C-1. Nitrate-nitrogen concentrations in subsurface drainage during 1997. 
Trtmt Date N03 mg/L Rep Trtmt Date M03 mg/L 
1 2 26-Mar-97 6.69 3 8 28-Mar-97 7.19 
1 5 26-Mar-97 4.45 3 9 28.Mar-97 7.26 
1 6 26-Mar-97 4.88 1 2 02-Apr-97 6.62 
1 7 26-Mar-97 5.73 1 4 02-Apr-97 6.13 
1 8 26-Mar-97 6.79 1 5 02-Apr-97 4.60 
2 1 26-Mar-97 8.53 1 6 02-Apr-97 5.05 
2 2 26-Mar-97 9.24 1 7 02-Apr-97 5.54 
2 3 26-Mar-97 9.31 1 8 02-Apr-97 6.80 
2 4 26-Mar-97 6.55 1 9 02-Apr-97 12.74 
2 5 26-Mar-97 6.10 2 1 02-Apr-97 8.21 
2 6 26-Mar-97 4.87 2 2 02-Apr-97 9.58 
2 7 26-Mar-97 9.84 2 3 02-Apr-97 8.74 
2 8 26-Mar-97 8.27 2 4 02-Apr-97 6.30 
2 9 26-Mar-97 13.16 2 5 02-Apr-97 6.02 
3 1 26-Mar-97 6.96 2 6 02-Apr-97 7.97 
3 2 26-Mar-97 7.25 2 7 02-Apr-97 9.63 
3 3 26-Mar-97 9.48 2 8 02-Apr-97 8.32 
3 4 26-Mar-97 5.71 2 9 02-Apr-97 12.43 
3 5 26-Mar-97 7.93 3 2 02-Apr-97 8.61 
3 6 26-Mar-97 7.03 3 3 02-Apr-97 8.19 
3 7 26-Mar-97 11.27 3 4 02-Apr-97 5.97 
3 8 26-Mar-97 5.71 3 5 02-Apr-97 7.71 
3 9 26-Mar-97 7.49 3 6 02-Apr-97 7.01 
1 2 28-Mar-97 6.74 3 7 02-Apr-97 8.26 
1 5 28-Mar-97 4.44 3 8 02-Apr-97 9.02 
1 6 28-Mar-97 4.86 3 9 02-Apr-97 7.22 
1 7 28-Mar-97 5.08 1 1 16-Apr-97 5.46 
1 8 28-Mar-97 6.88 1 2 16-Apr-97 6.56 
1 9 28-Mar-97 15.97 1 3 16-Apr-97 5.67 
2 1 28-Mar-97 8.27 1 4 16-Apr-97 6.16 
2 2 28-Mar-97 9.46 1 5 16-Apr-97 5.23 
2 3 28-Mar-97 9.03 1 6 16-Apr-97 5.15 
2 4 28-Mar-97 6.17 1 7 16-Apr-97 8.40 
2 5 28-Mar-97 6.03 1 8 16-Apr-97 7.36 
2 6 28-Mar-97 4.90 1 9 16-Apr-97 13.05 
2 7 28-Mar-97 9.35 2 1 16-Apr-97 8.47 
2 8 28-Mar-97 7.95 2 2 16-Apr-97 9.63 
2 9 28-Mar-97 12.45 2 3 16-Apr-97 9.96 
3 3 28-Mar-97 8.32 2 4 16-Apr-97 6.81 
3 4 28-Mar-97 6.06 2 5 16-Apr-97 6.19 
3 5 28-Mar-97 7.47 2 6 16-Apr-97 8.92 
3 6 28-Mar-97 6.69 2 7 16-Apr-97 10.21 
3 7 28-Mar-97 7.29 2 8 16-Apr-97 8.86 
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Table C-1 continued. 
Trtmt Date N03 mg/L Rep Trtmt Date N03 mg/L 
2 9 16-Apr-97 13.19 1 7 01-May-97 11.37 
3 1 16-Apr-97 9.18 1 8 01-May-97 8.21 
3 2 16-Apr-97 9.44 1 9 01-May-97 16.21 
3 3 16-Apr-97 8.31 2 1 01-May-97 8.93 
3 4 16-Apr-97 6.13 2 2 01-May-97 10.78 
3 5 16-Apr-97 7.65 2 3 01-May-97 11.73 
3 6 16-Apr-97 8.03 2 4 01-May-97 7.53 
3 7 16-Apr-97 9.7 2 5 01-May-97 6.77 
3 8 16-Apr-97 9.57 2 6 01-May-97 12.44 
3 9 16-Apr-97 8.60 2 7 01-May-97 11.36 
1 1 23-Apr-97 5.61 2 8 01-May-97 10.33 
1 2 23-Apr-97 6.49 2 9 01-May-97 14.77 
1 3 23-Apr-97 5.47 3 1 01-May-97 11.26 
1 4 23-Apr-97 6.16 3 2 01-May-97 10.49 
1 5 23-Apr-97 4.97 3 3 01-May-97 9.52 
1 6 23-Apr-97 5.18 3 4 01-Vlay-97 8.06 
1 7 23-Apr-97 7.55 3 5 01-May-97 9.24 
1 8 23-Apr-97 7.45 3 6 01-May-97 10.92 
1 9 23-Apr-97 14.58 3 7 01-May-97 14.63 
2 1 23-Apr-97 8.35 3 8 01-May-97 10.63 
2 2 23-Apr-97 9.83 3 9 01-May-97 10.35 
2 3 23-Apr-97 9.85 1 1 07-May-97 6.28 
2 4 23-Apr-97 6.92 1 2 07-May-97 6.65 
2 5 23-Apr-97 6.43 1 3 07-May-97 6.99 
2 6 23-Apr-97 8.5 1 4 07-May-97 7.21 
2 7 23-Apr-97 10.64 1 5 07-May-97 5.80 
2 8 23-Apr-97 8.55 1 6 07-May-97 5.82 
2 9 23-Apr-97 13.07 1 7 07-May-97 9.39 
3 1 23-Apr-97 8.85 1 8 07-May-97 8.5 
3 2 23-Apr-97 8.97 1 9 07-May-97 17.16 
3 3 23-Apr-97 8.00 2 1 07-May-97 8.73 
3 4 23-Apr-97 6.06 2 2 07-May-97 10.76 
3 5 23-Apr-97 7.68 2 3 07-May-97 10.97 
3 6 23-Apr-97 8.09 2 4 07-May-97 7.76 
3 7 23-Apr-97 10.41 2 5 07-May-97 7 
3 8 23-Apr-97 10.00 2 6 07-May-97 9.49 
3 9 23-Apr-97 8.29 2 7 07-May-97 11.54 
1 01-May-97 6.91 2 8 07-May-97 9.24 
2 01-May-97 7.12 2 9 07-May-97 14.43 
3 01-May-97 7.09 3 2 07-May-97 19.64 
4 01-May-97 7.26 1 1 14-May-97 6.25 
5 01-May-97 5.99 1 2 14-May-97 6.86 
6 01-Mav-97 6.08 1 3 14-Mav-97 6.18 
Table C-1 continued. 
Rep T rtmt Date N03 mg/L Rep Trtmt Date >J03 mg/L 
1 4 14-May-97 6.79 3 2 21-May-97 9.91 
1 5 14-May-97 6.25 3 3 21-May-97 8.47 
1 6 14-May-97 5.74 3 4 21-May-97 7.11 
1 7 14-May-97 8.04 3 5 21-May-97 9.02 
1 8 14-May-97 8.36 3 6 21-May-97 8.47 
1 9 14-May-97 14.86 3 7 21-May-97 12.26 
2 1 14-May-97 8.59 3 8 21-May-97 10.67 
2 2 14-May-97 10.88 3 9 21-May-97 10.19 
2 3 14-May-97 9.87 1 1 28-May-97 6.38 
2 4 14-May-97 7.58 1 2 28-May-97 7.14 
2 5 14-May-97 7.27 1 3 28-May-97 6.05 
2 6 14-May-97 9.39 1 4 28-May-97 7.14 
2 7 14-May-97 11.33 1 5 28-May-97 6.17 
2 8 14-May-97 8.78 1 6 28-May-97 5.87 
2 9 14-May-97 13.3 1 7 28-May-97 7.68 
3 1 14-May-97 9.12 1 8 28-May-97 9.37 
3 2 14-May-97 9.59 1 9 28-May-97 15.96 
3 3 14-May-97 8.28 2 1 28-May-97 8.68 
3 4 14-May-97 6.81 2 2 28-May-97 11.05 
3 5 14-May-97 8.5 2 3 28-May-97 9.99 
3 6 14-May-97 8.67 2 4 28-May-97 8.36 
3 7 14-May-97 12.39 2 5 28-May-97 7.35 
3 8 14-May-97 10.95 2 6 28-May-97 10.49 
3 9 14-May-97 9.8 2 7 28-May-97 11.58 
1 1 21-May-97 6.13 2 8 28-May-97 8.52 
1 2 21-May-97 6.81 2 9 28-May-97 13.31 
1 3 21-May-97 5.79 3 1 28-May-97 9.92 
1 4 21-May-97 6.75 3 2 28-May-97 10.7 
1 5 21-May-97 6.34 3 3 28-May-97 8.61 
1 6 21-May-97 5.72 3 4 28-May-97 7.42 
1 7 21-May-97 7.38 3 5 28-May-97 8.96 
1 8 21-May-97 8.18 3 6 28-May-97 9.37 
1 9 21-May-97 14.49 3 7 28-May-97 12.57 
2 1 21-May-97 8.25 3 8 28-May-97 10.84 
2 2 21-May-97 10.67 3 9 28-May-97 10.73 
2 3 21-May-97 9.58 1 1 04-Jun-97 6.5 
2 4 21-May-97 7.43 1 2 04-Jun-97 6.77 
2 5 21-May-97 7.29 1 3 04-Jun-97 5.96 
2 6 21-May-97 9.77 1 4 04-Jun-97 7.26 
2 7 21-May-97 11.22 1 5 04-Jun-97 6.32 
2 8 21-May-97 8.15 1 6 04-Jun-97 5.44 
2 9 21-May-97 7.67 1 7 04-Jun-97 7.28 
3 1 21-Mav-97 9.57 1 8 04-Jun-97 8.96 
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Table C-1 continued. 
Trtmt Date N03 mg/L Rep Trtmt Date N03 mg/L 
1 9 04-Jun-97 13.52 2 1 11-Jun-97 8.01 
2 1 04-Jun-97 8.37 2 2 11-Jun-97 11.26 
2 2 04-Jun-97 11.23 2 3 11-Jun-97 10.31 
2 3 04-Jun-97 10.2 2 4 11-Jun-97 8.27 
2 4 04-Jun-97 7.96 2 5 11-Jun-97 7.6 
2 5 04-Jun-97 7.54 2 6 11-Jun-97 10.27 
2 6 04-Jun-97 10.23 2 7 11-Jun-97 
2 7 04-Jun-97 11.62 2 8 11-Jun-97 8.36 
2 8 04-Jun-97 8.3 2 9 11-Jun-97 11.78 
2 9 04-Jun-97 12.89 3 1 11-Jun-97 9.61 
3 1 04-Jun-97 9.66 3 2 11-Jun-97 10.38 
3 2 04-Jun-97 10.58 3 3 11-Jun-97 8.53 
3 3 04-Jun-97 8.62 3 4 11-Jun-97 7.77 
3 4 04-Jun-97 7.86 3 5 11-Jun-97 9.16 
3 5 04-Jun-97 9.32 3 6 11-Jun-97 8.6 
3 6 04-Jun-97 8.9 3 7 11-Jun-97 11.86 
3 7 04-Jun-97 12.08 3 8 11-Jun-97 10.27 
3 8 04-Jun-97 10.65 3 9 11-Jun-97 9.44 
3 9 04-Jun-97 10.37 1 1 19-Jun-97 6.46 
1 11-Jun-97 6.31 1 2 19-Jun-97 6.6 
2 11-Jun-97 6.51 1 3 19-Jun-97 5.7 
3 11-Jun-97 5.89 1 4 19-Jun-97 7.56 
4 11-Jun-97 7.55 1 6 19-Jun-97 5.94 
6 11-Jun-97 5.95 1 7 19-Jun-97 6.8 
7 11-Jun-97 7.44 1 8 19-Jun-97 8.6 
8 11-Jun-97 9.07 1 9 19-Jun-97 10.88 
9 11-Jun-97 12.19 
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Table C-2 continued. 
Event? Events Event9 Event 10 Event 11 Event 12 
11-Jun-97 19-Jun-97 25-Jun-97 2-Jul-97 9-Jul-97 27-Jul-97 
P04 P04 P04 P04 P04 P04 
Cone. Cone. Cone. Cone. Cone. Cone. 
Sample mg/L mg/L mg/L mg/L mg/L mg/L 
1-1 0.01 0.02 0.01 0.01 0.02 0.01 
1-2 0.00 0.01 0.04 0.00 
1-3 0.01 0.00 0.01 0.02 0.01 0.01 
1-4 0.01 0.00 0.01 0.00 0.01 
1-5 0.01 
1-6 0.01 0.03 0.03 0.02 0.02 0.01 
1-7 0.01 0.01 0.02 0.01 0.16 
1-8 0.01 0.00 0.01 0.00 
1-9 0.07 0.00 0.03 0.03 
2-1 0.00 0.03 0.00 0.00 0.01 
2-2 0.02 0.04 0.02 0.01 0.10 0.06 
2-3 0.00 0.01 0.00 0.03 0.01 0.00 
2-4 0.00 0.00 0.00 0.00 
2-5 0.00 0.03 0.00 0.20 
2-6 0.01 0.04 0.00 0.00 0.02 0.00 
2-7 0.01 0.00 0.02 0.00 
2-8 0.01 0.02 0.00 0.03 0.01 0.01 
2-9 0.00 0.01 0.04 0.00 
3-1 0.00 0.01 0.00 
3-2 0.00 0.04 0.03 0.01 
3-3 0.00 0.04 0.02 0.00 0.02 
3-4 0.00 0.01 0.01 0.00 
3-5 0.00 0.01 0.00 0.01 
3-6 0.00 0.01 0.00 0.21 0.01 
3-7 0.00 0.04 0.02 0.01 0.04 0.01 
3-8 0.04 0.06 0.00 0.00 
3-9 0.00 0.01 0.01 0.00 0.02 0.00 
Table C-3. Nutrient concentrations in surface runoff during 1997. 
Date Sample N03-N+N02-N (mg/L) Total P filtered (mg/L) Total P mixture (mg/L) 
21-Jun-97 1-1 3.50 0.395 1.262 
21-Jun-97 1-3 3.57 0.372 1.145 
21-Jun-97 1-4 7.64 0.721 2.759 
21-Jun-97 1-5 2.13 1.197 2.746 
21-Jun-97 1-6 2.93 0.704 2.430 
21-Jun-97 1-7 3.71 0.770 1.927 
21-Jun-97 1-8 1.02 0.323 1.122 
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Table C-3 continued. 
Date Sample N03-N+N02-N (mg/L) Total P filtered (mg/L) Total P mixture (mg/L) 
21-Jun-97 1-9 3.37 0.205 0.721 
21-Jun-97 2-1 2.53 0.668 3.680 
21-Jun-97 2-2 1.60 0.453 1.014 
21-Jun-97 2-3 2.43 0.802 3.376 
21-Jun-97 2-4 2.26 0.316 1.220 
21-Jun-97 2-5 2.64 0.375 1.402 
21-Jun-97 2-7 3.48 0.727 1.614 
21-Jun-97 2-8 2.05 0.254 0.734 
21-Jun-97 2-9 1.65 0.401 2.156 
21-Jun-97 3-2 1.71 0.329 1.203 
21-Jun-97 3-2 1.62 0.225 0.730 
21-Jun-97 3-3 4.58 0.466 1.683 
21-Jun-97 3-4 1.87 0.757 4.977 
21-Jun-97 3-5 2.25 0.294 0.773 
21-Jun-97 3-6 2.32 1.784 3.294 
21-Jun-97 3-7 3.81 0.796 1.053 
21-Jun-97 3-8 2.07 0.378 1.601 
21-Jun-97 3-9 1.63 0.476 2.576 
25-Jul-97 1-1 0.43 0.140 0.297 
25-Jul-97 1-2 0.33 0.173 0.492 
25-Jul-97 1-3 0.42 0.121 0.245 
25-JuI-97 1-5 0.47 0.251 0.577 
25-Jul-97 1-7 0.97 0.323 0.672 
25-Jul-97 1-8 0.54 0.228 0.607 
25-Jul-97 1-9 0.57 0.228 0.535 
25-Jul-97 2-2 0.45 0.359 0.988 
25-Jul-97 2-4 0.83 0.215 0.404 
25-Jul-97 2-5 0.66 0.176 0.486 
25-Jul-97 2-7 0.71 0.235 0.678 
25-Jul-97 2-8 0.63 0.202 0.408 
25-Jul-97 2-9 0.76 0.225 0.688 
25-Jul-97 3-1 0.62 0.150 0.395 
25-Jul-97 3-2 0.29 0.160 0.326 
25-Jul-97 3-4 0.39 0.711 3.356 
25-Jul-97 3-5 0.48 0.183 0.316 
25-Jul-97 3-6 0.59 0.199 0.264 
25-Jul-97 3-7 0.41 0.157 0.254 
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Table C-4. Nitrate-nitrogen concentrations in subsurface drainage during 1998. 
Date Rep Plot N03-N (mg/L) Date Rep Plot N03-N (mg/L) 
27-Feb-98 3 9 11.66 23-Mar-98 3 4 10.95 
05-Mar-98 1 1 9.23 23-Mar-98 3 5 14.09 
05-Mar-98 1 2 9.23 23-Mar-98 3 6 11.77 
05-Mar-98 1 3 11.62 23-Mar-98 3 8 15.44 
05-Mar-98 1 5 6.76 23-Mar-98 3 9 15.85 
05-Mar-98 1 6 7.70 26-Mar-98 1 1 9.22 
05-Mar-98 1 7 14.98 26-Mar-98 1 2 14.88 
05-Mar-98 1 9 22.41 26-Mar-98 1 3 21.42 
05-Mar-98 2 2 10.15 26-Mar-98 1 5 15.44 
05-Mar-98 2 3 18.69 26-Mar-98 1 6 9.56 
05-Mar-98 2 4 18.31 26-Mar-98 1 7 17.15 
05-Mar-98 2 5 13.86 26-Mar-98 1 8 14.76 
05-Mar-98 2 7 14.29 26-Mar-98 1 9 29.98 
05-Mar-98 2 8 19.89 26-Mar-98 2 1 10.85 
05-Mar-98 2 9 19.39 26-Mar-98 2 r> 16.26 
05-Mar-98 3 3 7.48 26-Mar-98 2 3 23.31 
05-Mar-98 3 6 11.98 26-Mar-98 2 4 13.53 
05-Mar-98 3 9 12.35 26-Mar-98 2 5 17.38 
23-Mar-98 1 1 8.22 26-Mar-98 2 6 12.60 
23-Mar-98 1 2 8.73 26-Mar-98 2 7 16.06 
23-Mar-98 1 3 14.89 26-Mar-98 2 8 17.66 
23-Mar-98 1 4 9.36 26-Mar-98 2 9 20.76 
23-Mar-98 1 5 8.59 26-Mar-98 3 1 13.91 
23-Mar-98 1 6 7.00 26-Mar-98 3 2 19.18 
23-Mar-98 1 7 16.76 26-Mar-98 3 4 12.27 
23-Mar-98 1 8 9.90 26-Mar-98 3 5 10.38 
23-Mar-98 1 9 21.92 26-Mar-98 3 6 13.20 
23-Mar-98 2 1 10.38 26-Mar-98 3 7 13.06 
23-Mar-98 2 2 15.16 26-Mar-98 3 8 15.85 
23-Mar-98 2 3 17.70 26-Mar-98 3 9 18.07 
23-Mar-98 2 4 11.18 06-Apr-98 1 1 9.48 
23-Mar-98 2 5 12.66 06-Apr-98 1 2 17.10 
23-Mar-98 2 6 13.75 06-Apr-98 1 3 21.31 
23-Mar-98 2 7 13.84 06-Apr-98 1 4 12.60 
23-Mar-98 2 8 17.12 06-Apr-98 1 5 20.01 
23-Mar-98 2 9 17.08 06-Apr-98 1 6 9.84 
23-Mar-98 3 1 18.48 06-Apr-98 1 7 13.85 
23-Mar-98 3 2 19.62 06-Apr-98 1 8 16.69 
23-Mar-98 3 3 8.98 06-Apr-98 1 9 28.64 
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Table C-4 continued. 
Date Rep Plot N03-N (mg/L) Date Rep Plot N03-N (mg/L) 
06-Apr-98 2 1 11.26 13-Apr-98 3 4 11.36 
06-Apr-98 2 2 15.99 13-Apr-98 3 5 14.93 
06-Apr-98 2 3 19.91 13-Apr-98 3 6 12.14 
06-Apr-98 2 4 13.65 13-Apr-98 3 7 14.74 
06-Apr-98 2 5 18.33 13-Apr-98 3 8 15.72 
06-Apr-98 2 6 13.58 13-Apr-98 3 9 15.99 
06-Apr-98 2 7 15.17 20-Apr-98 1 1 9.38 
06-Apr-98 2 8 18.12 20-Apr-98 1 2 17.10 
06-Apr-98 2 9 22-60 20-Apr-98 1 3 19.87 
06-Apr-98 3 1 13.65 20-Apr-98 1 4 13.15 
06-Apr-98 3 2 18.47 20-Apr-98 1 5 22.86 
06-Apr-98 3 3 16.40 20-Apr-98 1 6 9.80 
06-Apr-98 3 4 11.34 20-Apr-98 1 7 13.42 
06-Apr-98 3 5 13.74 20-Apr-98 1 8 14.93 
06-Apr-98 3 6 12.17 20-Apr.98 1 9 25.66 
06-Apr-98 3 7 14.63 20-Apr-98 2 1 11.12 
06-Apr-98 3 8 15.58 20-Apr-98 2 2 16.31 
06-Apr-98 3 9 14.49 20-Apr-98 2 3 17.28 
13-Apr-98 1 1 9.39 20-Apr-98 2 4 13.48 
13-Apr-98 1 2 17.35 20-Apr-98 2 5 17.76 
13-Apr-98 1 3 20.16 20-Apr-98 2 6 11.82 
13-Apr-98 1 4 12.95 20-Apr-98 2 7 12.72 
13-Apr-98 1 5 21.18 20-Apr-98 2 8 21.41 
13-Apr-98 1 6 9.63 20-Apr-98 2 9 22.03 
13-Apr-98 1 7 12.81 20-Apr-98 3 1 11.93 
13-Apr-98 1 8 15.40 20-Apr-98 3 2 20.37 
13-Apr-98 1 9 26.54 20-Apr-98 3 3 16.50 
13-Apr-98 2 1 11.03 20-Apr-98 3 4 11.51 
13-Apr-98 2 2 16.42 20-Apr-98 3 5 13.18 
13-Apr-98 2 3 18.39 20-Apr-98 3 6 12.48 
13-Apr-98 2 4 14.00 20-Apr-98 3 7 15.53 
13-Apr-98 2 5 18.41 20-Apr-98 3 8 13.73 
13-Apr-98 2 6 12.03 20-Apr-98 3 9 14.80 
13-Apr-98 2 8 14.00 27-Apr-98 1 1 9.35 
13-Apr-98 2 7 18.54 27-Apr-98 1 2 17.28 
13-Apr-98 2 9 21.73 27-Apr-98 1 3 20.56 
13-Apr-98 3 1 12.97 27-Apr-98 1 4 13.22 
13-Apr-98 3 2 19.72 27-Apr-98 1 5 23.72 
13-Apr-98 3 3 17.57 27-ADr-98 1 6 10.14 
Table C-4 continued. 
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Date Rep PlotN03-N (mg/L) Date Rep Plot N03-N (mg/L) 
27-Apr-98 1 7 12.00 04-May-98 3 3 14.81 
27-Apr-98 1 8 15.25 04-May-98 3 4 11.80 
27-Apr-98 1 9 24.15 04-May-98 3 6 12.57 
27-Apr-98 2 1 11.16 04-May-98 3 7 14.74 
27-Apr-98 2 2 16.24 04-May-98 3 9 14.03 
27-Apr-98 2 3 17.45 12-May-98 1 1 9.16 
27-Apr-98 2 4 13.20 12-May-98 1 4 13.46 
27-Apr-98 2 5 18.72 12-May-98 1 7 11.33 
27-Apr-98 2 6 11.42 12-May-98 1 8 16.17 
27-Apr-98 2 7 12.77 12-May-98 2 2 17.89 
27-Apr-98 2 8 19.66 12-May-98 2 5 19.05 
27-Apr-98 2 9 22.24 12-May-98 2 6 11.68 
27-Apr-98 3 1 12.41 12-May-98 2 7 12.67 
27-Apr-98 3 2 20.52 12-May-g8 3 3 12.67 
27-Apr-98 3 3 15.96 12-May-98 3 6 13.52 
27-Apr-98 3 4 11.63 12-May-98 3 9 10.26 
27-Apr-98 3 5 14.54 18-May-98 1 1 9.20 
27-Apr-98 3 6 12.70 18-May-98 1 2 14.58 
27-Apr-98 3 7 15.07 18-May-98 1 3 19.55 
27-Apr-98 3 9 13.45 18-May-98 1 4 13.02 
04-May-98 1 1 9.27 18-May-98 1 6 10.84 
04-May-98 1 2 16.49 18-May-98 1 8 14.44 
04-May-98 1 3 20.62 18-May-98 1 9 22.12 
04-May-98 1 4 13.30 18-May-98 2 2 19.19 
04-May-98 1 5 23.34 18-May-98 2 3 15.14 
04-May-98 1 6 18.38 18-May-98 2 6 10.97 
04-May-98 1 8 16.27 18-May-98 2 8 20.40 
04-May-98 1 9 23.82 18-May-98 3 3 12.03 
04-May-98 2 1 10.62 18-May-98 3 6 12.38 
04-May-98 2 3 16.55 26-May-98 1 1 9.09 
04-May-98 2 4 12.36 26-May-98 1 2 16.28 
04-May-98 2 5 18.38 26-May-98 1 3 12.54 
04-May-98 2 6 10.41 26-May-98 1 4 13.88 
04-May-98 2 7 11.80 26-May-98 1 5 23.45 
04-May-98 2 8 19.43 26-May-98 1 6 22.81 
04-May-98 2 9 20.77 26-May-98 1 7 11.13 
04-Mav-98 3 2 17.82 
00 O) (0 (O CM 1 9 20.45 
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Table C-4 continued. 
Date Rep Plot N03-N (mg/L) Date Rep Plot N03-N (mg/L) 
26-May-98 2 2 18.16 09-Jun-98 1 3 16.97 
26-May-98 2 3 13.49 09-Jun-98 1 4 12.54 
26-May-98 2 4 11.33 09-Jun-98 1 5 22.67 
26-May-98 2 5 19.07 09-Jun-98 1 6 10.92 
26-May-98 2 6 12.03 09-Jun-98 1 7 13.19 
26-May-98 2 7 18.23 09-Jun-98 1 8 13.05 
26-May-98 2 8 18.44 09-Jun-98 1 9 20.24 
26-May-98 2 9 19.70 09-Jun-98 2 1 11.75 
26-May-98 3 3 11.82 09-Jun-98 2 2 17.26 
26-May-98 3 4 12.59 09-Jun-98 2 3 13.60 
26-May-98 3 6 17.97 09-Jun-98 2 4 10.30 
26-May-98 3 7 14.37 09-Jun-98 2 5 22.11 
26-May-98 3 9 9.74 09-Jun-98 2 6 12.32 
02-Jun-98 1 1 9.31 09-Jun-98 2 7 24.67 
02-Jun-98 1 2 16.63 09-Jun-98 2 8 17.61 
02-Jun-98 1 3 18.55 09-Jun-98 2 9 22.31 
02-Jun-98 1 4 13.90 09-Jun-98 3 2 18.79 
02-Jun-98 1 5 23.58 09-Jun-98 3 3 13.76 
02-Jun-98 1 6 11.31 09-Jun-98 3 4 11.91 
02-Jun-98 1 7 19.48 09-Jun-98 3 5 12.05 
02-Jun-98 1 8 14.16 09-Jun-98 3 6 17.96 
02-Jun-98 1 9 20.71 09-Jun-98 3 7 17.75 
02-Jun-98 2 1 9.77 09-Jun-98 3 8 15.05 
02-Jun-98 2 2 18.32 09-Jun-98 3 9 10.03 
02-Jun-98 2 3 13.89 15-Jun-98 1 1 11.89 
02-Jun-98 2 4 11.92 15-Jun-98 1 2 18.99 
02-Jun-98 2 5 19.07 15-Jun-98 1 3 19.41 
02-Jun-98 2 6 11.31 15-Jun-98 1 4 17.19 
02-Jun-98 2 7 14.36 15-Jun-98 1 5 25.45 
02-Jun-98 2 8 19.25 15-Jun-98 1 6 11.47 
02-Jun-98 2 9 18.23 15-Jun-98 1 7 18.51 
02-Jun-98 3 3 12.64 15-Jun-98 1 8 15.67 
02-Jun-98 3 4 12.16 15-Jun-98 1 9 36.85 
02-Jun-98 3 6 15.52 15-Jun-98 2 1 12.83 
02-Jun-98 3 7 14.20 15-Jun-98 2 2 17.95 
02-Jun-98 3 9 9.03 15-Jun-98 2 3 17.61 
09-Jun-98 1 1 9.56 15-Jun-98 2 4 12.43 
09-Jun-98 1 2 15.73 15-Jun-98 2 5 22.11 
131 
Table C-4 continued. 
Date Rep PlotN03-N (mg/L) Date Rep Plot N03-N (mg/L) 
15-Jun-98 2 6 12.91 22-Jun-98 3 8 13.13 
15-Jun-98 2 7 23.77 22-Jun-98 3 9 8.81 
15-Jun-98 2 8 18.28 29-Jun-98 1 1 8.99 
15-Jun-98 2 9 23.77 29-Jun-98 1 2 15.63 
15-Jun-98 3 1 9.98 29-Jun-98 1 3 15.09 
15-Jun-98 3 2 14.52 29-Jun-98 1 6 9.68 
15-Jun-98 3 3 12.43 29-Jun-98 1 7 14.01 
15-Jun-98 3 4 8.41 29-Jun-98 1 8 11.61 
15-Jun-98 3 5 9.27 29-Jun-98 1 9 19.32 
15-Jun-98 3 6 10.75 29-Jun-98 2 1 8.39 
15-Jun-98 3 7 13.33 29-Jun-98 2 2 11.93 
15-Jun-98 3 8 10.93 29-Jun-98 2 3 14.00 
15-Jun-98 3 9 11.86 29-Jun-98 2 4 15.79 
22-Jun-98 1 1 16.01 29-Jun-98 2 5 32.41 
22-Jun-98 1 2 15.23 29-Jun-98 2 6 13.31 
22-Jun-98 1 3 14.67 29-Jun-98 2 7 26.35 
22-Jun-98 1 4 14.44 29-Jun-98 2 8 19.24 
22-Jun-98 1 5 23.31 29-Jun-98 2 9 25.10 
22-Jun-98 1 6 15.49 29-Jun-98 3 2 20.14 
22-Jun-98 1 7 22.90 29-Jun-98 3 3 16.07 
22-Jun-98 1 8 18.24 29-Jun-98 3 4 16.20 
22-Jun-98 1 9 28.11 29-Jun-98 3 5 15.51 
22-Jun-98 2 1 14.05 29-Jun-98 3 6 18.41 
22-Jun-98 2 2 17.76 29-Jun-98 3 7 24.00 
22-Jun-98 2 3 15.97 29-Jun-98 3 9 12.96 
22-Jun-98 2 4 15.70 07-JUI-98 1 1 13.34 
22-Jun-98 2 5 26.04 07-Jul-98 1 2 21.52 
22-Jun-98 2 6 13.43 07-JUI-98 1 3 20.15 
22-Jun-98 2 7 25.23 07-JUI-98 1 4 17.81 
22-Jun-98 2 8 18.95 07-Jul-98 1 5 28.60 
22-Jun-98 2 9 25.91 07-JUI-98 1 8 15.47 
22-Jun-98 3 1 14.18 07-JUI-98 1 9 23.79 
22-Jun-98 3 2 24.00 07-JUI-98 2 1 12.44 
22-Jun-98 3 3 25.30 07-JUI-98 2 2 19.39 
22-Jun-98 3 4 16.63 07-Jul-98 2 3 13.20 
22-Jun-98 3 5 15.61 07-JUI-98 2 4 12.30 
22-Jun-98 3 6 17.93 07-Jul-98 2 5 14.89 
22-Jun-98 3 7 14.54 07-Jul-98 2 6 13.39 
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Table C-4 continued. 
Date Rep Plot N03-N (mg/L) Date Rep Plot N03-N (mg/L) 
07-Jul-98 2 7 24.34 17-Jul-98 2 3 12.04 
07-JUI-98 2 8 24.82 17-Jul-98 2 5 30.22 
07-Jul-98 3 4 13.87 17-JUI-98 2 7 21.06 
07-Jul-98 3 5 22.57 17-JUI-98 3 2 18.52 
07-JuI-98 3 6 17.33 17-Jul-98 3 3 13.20 
07-Jul-98 3 7 11.14 17-JUI-98 3 4 13.82 
07-Jul-98 3 8 17.27 17-JUI-98 3 5 20.90 
07-Ju 1-98 3 9 13.35 17-Ju(-98 3 6 15.32 
17-J u 1-98 1 1 12.54 17-JUI-98 3 7 21.45 
17-J u 1-98 1 2 18.57 17-Jul-98 3 9 10.83 
17-Ju!-98 1 3 18.12 22-Jul-98 1 1 12.26 
17-Jul-98 1 4 17.84 22-Jul-98 1 3 15.38 
17-JuI-98 1 5 23.92 22-Jul-98 1 4 14.71 
17-JUI-98 1 6 13.33 22-Jul-98 1 9 34.85 
17-J u 1-98 1 7 23.06 22-JUI-98 2 2 26.75 
17-J u 1-98 1 8 15.38 22-JUI-98 2 3 10.70 
17-Jul-98 1 9 23.00 22-JUI-98 2 4 10.70 
17-Jul-98 2 2 21.82 22-Jul-98 3 1 12.86 
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Table C-5. Phosphate-phosphorus concentrations in surface runoff during 1998. 
Event 1 Event 2 Event 3 Event 4 Event 5 Event 6 Event 7 Event 8 
Date 26-May 29-May 01-Jun 09-Jun 
P04 P04 P04 P04 P04 P04 P04 P04 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. Cone. 
Sample mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
1-1 0.647 0.910 0.622 0.916 0.437 0.430 0.298 
1-2 0.912 0.962 0.323 0.383 0.184 
1-3 0.439 0.432 0.088 0.178 0.196 
1-4 0.114 0.107 1.496 0.326 0.199 
1-5 0.874 0.390 0.446 0.520 0.379 
1-6 0.172 0.184 0.153 0.535 0.427 0.524 0.399 
1-7 0.302 0.190 0.424 0.797 1.285 0.680 
1-8 0.430 0.134 0.469 0.366 0.251 
1-9 0.229 0.063 0.074 1.866 0.358 0.482 0.204 
2-1 2.853 0.657 0.590 0.488 0.343 
2-2 0.093 0.135 0.714 0.261 0.288 0.210 
2-3 1.592 0.695 0.187 
2-4 0.242 0.150 0.408 0.581 0.264 0.270 0.167 
2-5 0.326 0.227 0.494 1.195 0.444 0.422 0.240 
2-6 0.412 1.560 0.749 0.467 0.474 
2-7 0.683 2.324 0.470 0.529 0.526 
2-8 0.226 0.183 0.381 0.262 0.223 
2-9 1.281 0.250 0.320 
3-1 2.313 2.436 0.547 0.477 0.418 
3-2 0.161 0.726 0.362 0.271 0.156 
3-3 0.706 0.205 0.494 0.472 0.299 0.184 0.151 
3-4 0.174 0.100 0.052 0.552 0.298 0.223 0.147 
3-5 0.240 0.401 0.170 0.193 
3-6 0.264 0.107 0.233 0.923 0.571 0.497 0.298 
3-7 0.314 0.893 2.752 0.968 0.762 0.465 
3-8 0.343 0.179 0.139 1.348 0.377 0.266 0.180 
3-9 0.367 0.147 1.902 0.507 0.400 0.302 
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Table C-5 continued. 
Event 9 Event 10 Event 11 Event 12 Event 13 Event 14 Event 15 
Date 12-Jun 15-Jun 19-Jun 22-Jun 27-Jun 01-Jul 06-Jul 
P04 P04 P04 P04 P04 P04 P04 
Cone. Cone. Cone. Cone. Cone. Cone. Cone. 
Sample mg/L mg/L mgA_ mq/L mg/L mg/L mg/L 
1-1 0.306 0.346 0.346 0.437 0.438 0.510 0.220 
1-2 0.248 0.297 0.332 0.416 0.206 0.301 0.135 
1-3 0.245 0.175 0.246 0.218 0.458 0.226 0.109 
1-4 0.495 0.198 0.108 0.264 0.232 0.304 0.261 
1-5 0.452 0.329 0.446 0.379 0.451 0.781 0.235 
1-6 0.417 0.366 0.401 0.445 0.479 0.495 0.210 
1-7 1.152 0.712 0.682 0.923 0.733 0.578 0.309 
1-8 0.315 0.219 0.274 0.283 0.216 0.316 0.298 
1-9 0.351 0.320 0.336 0.508 0.251 0.346 0.229 
2-1 0.337 0.336 0.352 0.460 0.234 0.205 
2-2 0.282 0.260 0.338 0.359 0.085 0.369 0.185 
2-3 0.399 0.235 0.285 0.359 0.178 0.361 0.265 
2-4 0.293 0.205 0.116 
2-5 0.260 0.243 0.415 0.488 0.646 0.638 0.306 
2-6 0.513 0.376 0.534 0.649 0.246 0.512 
2-7 0.308 0.335 0.365 0.392 0.416 0.252 
2-8 0.316 0.223 0.321 0.357 0.206 0.190 0.043 
2-9 0.351 0.248 0.263 0.433 0.484 0.189 
3-1 0.399 0.397 0.434 0.704 0.201 0.610 0.356 
3-2 0.306 0.303 0.344 0.449 0.492 0.369 0.150 
3-3 0.207 0.305 0.277 0.369 0.296 0.318 0.231 
3-4 0.226 0.213 0.386 0.322 0.386 0.218 
3-5 0.402 0.213 0.425 0.436 0.425 0.492 0.207 
3-6 0.655 0.447 0.542 0.548 0.207 0.523 0.205 
3-7 0.606 0.453 0.612 0.657 0.362 0.427 0.434 
3-8 0.284 0.270 0.409 0.350 0.260 0.583 0.212 
3-9 0.362 0.249 0.348 0.584 0.360 0.466 0.382 
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Table C-6. Nitrate-nitrogen concentrations in surface runoff during 1998. 
N03-N (mg/L) 
DATE Event 1-1 1-2 1-3 1-4 1-5 1-6 1-7 
1 1.14 0.87 2.09 0.56 0.44 
2 0.09 3.53 1.71 0.90 2.86 0.63 0.77 
3 
A 
1.58 0.90 
26-May 5 2.05 1.00 1.08 3.41 2.85 
29-May 6 4.40 2.15 1.42 2.22 2.88 7.27 11.5 
01-Jun 7 9.15 3.84 3.04 3.64 5.73 10.6 
09-Jun 8 0.34 0.14 
12-Jun 9 0.18 0.28 0.17 0.32 0.46 0.37 0.23 
15-Jun 10 0.00 0.30 0.02 0.2 0.02 0.61 0.21 
19-Jun 11 0.00 0.12 0.03 0.20 0.10 0.22 0.18 
22-Jun 12 0.23 0.24 0.09 0.23 0.30 0.23 0.31 
27-Jun 13 0.80 1.15 0.31 3.33 9.61 0.50 0.27 
01-Jul 14 0.90 1.59 1.65 2.20 4.07 0.24 0.01 
06-Jul 15 0.28 0.37 0.45 0.46 1.07 0.07 0.01 
N03-N (mg/L) 
DATE Event 1-8 1-9 2-1 2-2 2-3 2-4 2-5 
1 0.99 0.73 1.19 1.81 
2 1.07 1.20 0.64 1.25 2.11 1.86 
3 1-10 2.38 2.17 
4 1.52 
26-May 5 4.02 4.24 1.40 1.92 2.83 
29-May 6 4.52 6.09 5.83 1.93 2.34 3.49 4.59 
01-Jun 7 1.41 3.84 
09-Jun 8 0.45 0.40 0.17 0.23 0.26 0.20 
12-Jun 9 0.33 0.24 0.04 0.23 0.22 0.23 0.23 
15-Jun 10 0.09 0.39 0.39 0.00 0.01 0.12 0.23 
19-Jun 11 0.23 0.09 0.05 0.07 0.01 0.07 
22-Jun 12 0.24 0.34 0.29 0.24 0.26 0.32 
27-Jun 13 1.16 0.44 0.37 0.30 0.45 0.43 0.32 
01-Jul 14 0.94 0.22 0.45 0.25 0.01 
06-Jul 15 0.40 0.13 0.29 0.30 0.21 0.20 
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Table C-6 continued. 
N03-N (mg/L) 
DATE Event 2-6 2-7 2-8 2-9 3-1 3-2 3-3 
1 0.57 1.44 1.01 
2 0.79 0.85 0.92 2.80 1.94 
3 
A 
1.49 2.87 
26-May 
H 
5 1.36 0.00 0.42 0.91 
29-May 6 5.14 1.62 3.98 7.00 3.72 1.42 1.64 
01-Jun 7 6.44 9.44 
09-Jun 8 0.52 0.52 0.25 0.50 0.25 0.0 0.15 
12-Jun 9 0.10 0.11 0.17 0.36 0.32 0.08 0.20 
15-Jun 10 0.01 0.14 0.01 0.01 0.01 0.10 0.02 
19-Jun 11 0.15 0.01 0.09 0.01 0.17 0.07 0.18 
22-Jun 12 0.30 0.24 0.19 0.27 0.32 0.26 0.09 
27-Jun 13 0.37 1.49 0.25 0.35 0.62 0.33 0.12 
01-Jul 14 0.38 0.36 1.21 0.23 0.02 
06-Jul 15 0.38 0.45 0.25 0.27 0.49 0.04 0.14 
N03-N (mg/L) 
DATE Event 3-4 3-5 3-6 3-7 3-8 3-9 
1 1.53 1.075 1.91 1.34 0.80 
2 0.67 2.28 0.75 3.62 0.87 0.85 
3 1.09 1.32 
4 2.81 
26-May 5 2.39 3.31 3.19 0.04 1.43 
29-May 6 3.87 3.96 6.32 13.7 2.72 3.91 
01-Jun 7 10.5 
09-Jun 8 0.19 0.12 0.22 0.67 0.15 0.4 
12-Jun 9 0.22 0.19 0.39 0.49 0.20 0.39 
15-Jun 10 2.52 2.59 0.1 0.03 0.01 0.01 
19-Jun 11 0.19 0.24 0.18 0.19 0.15 0.23 
22-Jun 12 0.34 0.38 0.32 0.28 0.31 0.2 
27-Jun 13 HBD .38 0.41 0.59 0.43 
01-Jul 14 0.29 0.37 0.21 0.27 0.27 
06-Jul 15 0.03 0.02 0.17 0.25 0.19 0.05 
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Table C-7. Nitrate-nitrogen concentrations in subsurface drainage during 1999. 
N03-N (mg/L) 
Date 06-Apr-99 09-Apr-99 12-Apr-99 20-Apr-99 23-Apr-99 28-Apr-99 03-May-99 11-May-99 
Sample 
1-1 7.81 9.83 10.6 11.4 12.6 13.1 13.1 13.3 
1-2 8.52 17.5 19.0 17.6 24.9 23.1 18.9 17.2 
1-3 9.91 34.0 24.5 49.5 29.2 27.2 24.8 25.2 
1-4 8.48 15.6 15.2 12.7 15.0 14.6 12.6 12.5 
1-5 14.6 24.0 28.7 26.0 28.1 27.9 26.5 27.1 
1-6 7.18 9.36 9.61 10.3 11.3 11.3 11.5 11.5 
1-7 13.44 30.52 32.58 26.38 24.09 22.12 20.17 21.43 
1-8 8.28 10.47 12.12 12.04 13.22 13.47 14.38 14.51 
1-9 29.28 28.74 27.90 26.57 24.84 23.96 27.44 22.28 
2-1 16.39 21.52 15.23 14.69 15.07 15.27 
2-2 7.28 23.34 18.90 16.06 24.99 24.69 15.77 15.91 
2-3 14.75 23.05 19.44 14.91 21.17 16.44 13.44 11.08 
2-4 14.07 15.02 15.54 16.56 18.16 19.40 19.80 
2-5 32.02 26.53 25.40 25.89 25.40 26.59 27.45 
2-6 14.17 14.46 14.57 13.48 14.54 14.24 13.35 13.02 
2-7 18.09 17.65 21.53 22.32 20.45 19.56 18.88 21.63 
2-8 18.48 17.93 16.65 17.47 17.00 15.67 15.09 
2-9 37.52 37.71 28.51 27.04 26.16 28.47 28.36 
3-1 15.80 14.92 14.59 19.70 16.56 15.55 15.33 
3-2 23.18 21.68 23.20 29.74 25.58 25.45 27.77 
3-3 11.84 21.07 18.21 15.20 19.24 16.14 14.28 12.00 
3-4 10.88 15.60 13.46 11.06 13.60 12.62 12.20 11.91 
3-5 17.19 16.27 24.52 21.38 14.06 21.79 12.28 
3-6 18.28 16.89 14.60 16.85 15.79 15.74 15.57 
3-7 19.57 24.36 25.27 27.94 30.95 29.83 29.99 
3-8 17.03 19.30 18.51 20.28 21.85 20.38 
3-9 26.55 23.77 15.90 19.77 18.76 
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Table C-7 continued. 
N03-N (mg/L) 
Date 14-May-99 18-May-99 21 -May-99 25-May-99 02-Jun-99 08-Jun-9914-Jun-99 
Samole 
1-1 14.1 15.4 14.5 15.9 18.5 16.9 16.8 
1-2 20.7 19.7 19.0 21.4 19.8 16.8 19.9 
1-3 28.5 25.3 25.1 27.4 27.0 26.7 24.3 
1-4 15.5 14.1 14.1 17.1 16.3 15.1 17.0 
1-5 27.1 27.0 26.5 27.1 27.4 26.8 27.4 
1-6 11.8 11.2 11.7 12.6 13.1 13.0 12.6 
1-7 23.29 21.50 20.84 23.42 22.24 18.84 22.78 
1-8 13.52 21.39 14.28 14.58 15.68 15.13 14.11 
1-9 19.94 18.82 19.87 20.20 19.17 17.87 
2-1 14.80 21.71 19.82 20.05 21.19 16.77 18.40 
2-2 25.01 31.20 30.07 28.32 23.88 21.29 23.20 
2-3 19.23 24.92 18.65 16.61 12.16 10.77 14.25 
2-4 20.97 19.31 19.43 22.18 23.67 22.51 23.19 
2-5 26.44 24.74 25.00 27.71 28.55 28.25 25.29 
2-6 12.95 15.37 14.61 14.59 13.86 12.51 13.83 
2-7 18.17 16.18 16.64 18.17 19.03 19.21 22.60 
2-8 16.48 13.99 17.74 18.03 19.22 18.11 17.93 
2-9 20.57 20.25 21.46 23.08 27.30 26.67 25.43 
3-1 16.54 16.10 16.32 18.49 19.41 19.90 
3-2 25.18 23.17 23.39 23.91 24.99 24.07 
3-3 17.64 16.52 16.77 19.42 15.03 11.14 17.90 
3-4 13.45 12.21 12.43 14.53 13.81 12.15 13.90 
3-5 15.78 8.65 8.00 16.14 7.96 10.74 
3-6 16.04 14.98 14.93 15.68 15.24 15.20 15.45 
3-7 28.96 28.40 NS 30.76 31.46 27.81 28.16 
3-8 18.30 16.96 17.04 17.48 14.74 15.63 
3-9 13.86 12.32 10.65 9.82 10.81 
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Table C-7 continued. 
N03-N (mg/L) 
Date 24-Jun-99 28-Jun-99 06-Jul-99 23-Jul-99 08-Aug-99 22-Aug-99 21 -Sep-99 
Sample 
1-1 16.8 17.3 17.2 13.9 11.7 9.38 
1-2 18.5 17.7 15.5 15.3 10.6 9.73 
1-3 24.2 23.2 21.3 18.8 13.5 11.6 6.01 
1-4 15.5 15.8 14.4 12.4 6.90 6.10 
1-5 28.3 26.9 22.6 16.5 
1-6 13.4 13.6 12.7 12.3 8.61 7.58 
1-7 20.74 19.58 16.52 14.73 9.40 5.51 
1-8 14.49 14.26 13.29 13.07 7.98 7.78 
1-9 17.66 16.78 15.38 13.66 7.66 6.24 
2-1 18.28 19.55 9.89 
2-2 20.87 21.95 24.51 22.27 20.09 12.28 8.91 
2-3 11.01 9.54 7.35 4.87 2.79 3.19 1.68 
2-4 25.14 23.96 14.53 
2-5 25.46 25.64 25.40 23.23 14.74 16.40 
2-6 13.12 12.77 5.99 
2-7 17.19 21.25 20.82 20.86 13.54 14.89 
2-8 18.60 19.31 17.13 15.51 11.55 11.03 
2-9 26.08 28.30 25.52 18.85 
3-1 19.40 26.39 
3-2 25.38 26.49 
3-3 13.05 13.93 8.40 5.57 2.81 0.69 
3-4 12.42 12.24 10.69 4.53 3.51 
3-5 10.74 9.61 
3-6 15.05 14.86 15.30 15.10 9.62 8.11 
3-7 26.62 24.57 23.67 19.82 10.25 8.87 
3-8 14.86 14.38 6.69 
3-9 9.45 8.39 6.94 6.27 2.99 
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Table C-8. Bacterial densities in subsurface drainage during 1996. 
Fecal Coliform (CFU/lOO/ml) 
Date CTL WBIX WB2X SIIX SI2X 
6/12/1996 0.7 8.0 4.0 8.7 6.7 
6/19/1996 5.0 76.7 20.7 24.0 0.7 
6/26/1996 0.0 35.0 134.0 2.7 0.0 
7/3/1996 7.3 0.0 100.0 0.0 0.0 
7/10/1996 0.0 0.0 4.7 0.0 0.0 
7/18/1996 0.0 0.0 0.7 0.0 0.0 
7,24/1996 0.0 0.0 0.0 0.0 0.0 
731/1996 3.3 0.0 0.0 17.3 43.3 
8/6/1996 5.7 NA NA NA NA 
8/13/1996 NA NA 20.0 NA 3.3 
9/4/1996 NA 1.3 NA 4.3 4.7 
10/3/1996 NA 23.0 10.3 15.3 16.7 
10/12/96 0.0 0.0 0.0 0.0 0.0 
AVERAGE 2.2 13.1 26.8 6.6 6.3 
Fecal Streptococcus (CFU/100ml) 
Date CTL WBIX WB2X SIIX SI2X 
6'12/1996 12.0 7.3 10.7 12.7 13.3 
6/19/1996 17.7 72.3 3.3 214.7 16.7 
6/26/1996 6.0 34.0 170.0 9.3 16.7 
7/3/1996 0.0 4.7 28.0 4.7 18.7 
7/10/1996 0.7 0.0 7.3 0.7 0.7 
7 18/1996 0.0 0.0 2.7 2.7 4.0 
7-24/1996 4.7 2.7 3.0 1.3 4.7 
7/31/1996 0.0 2.7 0.7 27.0 1.3 
8/6/1996 NA NA NA NA NA 
8i3'1996 5.0 6.0 4.7 0.3 3.0 
9/4/1996 NA NA 1.3 NA NA 
10'3/1996 NA NA NA NA NA 
10/12/96 5.3 31.3 21.3 40.7 12.7 
AVERAGE 5.1 16.1 23 31.4 9.2 
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Table C-9. Bacterial densities in subsurface drainage during 1997. 
Fecal Coliform (CFU/lOO/ml) 
Date CTL FIIX FI2X FN IX FN2X WBIX WB2X SI IX SI2X 
23-Apr 2.33 4.67 8.00 3.67 j.jj 6.67 3.67 5.00 6.00 
1-May 1.33 5.33 0.67 18.00 6.33 0.67 1.00 0.67 124.00 
7-May 1.00 1.33 0.67 4.00 0.66 10.66 0.66 0.66 30.33 
14-May 0.00 0.00 3.33 3.66 0.33 0.00 0.66 1.33 0.66 
20-May 0.67 1.00 1.67 0.33 0.00 5.33 0.00 0.00 0.67 
27-May 1.33 11.00 1.33 73.67 4.33 16.67 3.67 0.67 6.00 
3-Jun 0.00 0.00 0.67 8.67 0.00 0.00 1.00 1.33 0.33 
10-Jun 2.67 11.67 0.33 2.33 0.00 0.00 15.00 3.33 1.67 
I8-Jun 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.33 
25-Jun 83.00 8.67 1.00 7.00 7.33 4.33 25.33 966.67 2.67 
30-Jun 2.00 0.67 24.67 3.67 6.00 6.33 1.33 13.00 112.67 
AVERAGE 8.58 4.03 3.85 11.42 2.57 4.61 4.76 90.24 25.94 
Fecal Streptococcus (CFU/IOOmI) 
Date CTL FIIX FOX FNIX FN2X WBIX WB2X SIIX SI2X 
23-Apr 1.00 1.00 0.33 0.33 0.67 3.00 0.00 0.00 1.00 
I-May 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.33 7.33 
7-May 1.00 0.33 0.33 0.67 1.33 0.66 0.00 0.33 3.67 
14-May 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.00 
20-May 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
27-May 0.66 13.00 1.00 35.00 12.66 1.66 9.00 2.33 1.00 
3-Jun 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10-Jun 0.00 0.00 0.00 0.00 0.00 1.33 0.00 0.67 0.00 
18-Jun 0.00 0.00 0.33 0.33 0.00 0.67 0.00 0.00 0.00 
25-Jun 34.66 17.00 63.66 46.33 54.33 28.33 23.33 19.66 19.66 
30-Jun 7.00 2.00 17.00 9.33 1.66 4.33 15.66 35.33 4.67 
AVERAGE 4.03 3.03 7.51 8.36 6.42 3.66 4.36 5.79 3.39 
E.Coli(CFU/IOOml) 
Date CTL FIIX FI2X FNIX FN2X WBIX WB2X SIIX SI2X 
23-Apr 0.33 2.33 5.50 1.33 3.33 5.00 0.00 2.33 4.33 
i-May 0.00 0.00 0.00 0.00 0.00 18.00 0.00 0.00 0.00 
7-May 0.00 0.00 0.00 0.00 0.33 0.00 0.00 1.33 0.33 
i4-May 0.33 0.33 0.00 0.00 0.33 0.00 3.00 1.33 0.67 
20-May 0.00 0.00 1.67 0.00 0.00 0.00 1.33 0.00 0.33 
27-May 0.00 0.33 5.33 0.67 0.33 12.00 0.00 ^ J.J.> 0.00 
3-Jun 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 
10-Jun 0.00 0.33 0.00 0.00 0.00 0.67 0.00 0.00 0.00 
18-Jun 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
25-Jun 0.00 0.33 2.33 0.00 0.67 3.67 0.00 25.00 1.33 
30-Jun 0.00 0.00 0.33 0.00 0.00 0.33 1.33 27.67 0.67 
AVERAGE 0.06 0.33 1.38 0.18 0.45 3.61 0.52 5.55 0.73 
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Table C-10. Bacterial densities in subsurface drainage during 1998. 
Fecal Coliform (CFU/lOO/ml) 
Date CTL FIIX FOX FNIX FN2X WBIX WB2X SIIX SOX 
08-Apr 0.0 0.0 0.0 0.3 0.0 22.3 74.7 0.3 11.0 
17-Apr 2.7 0.3 0.0 0.0 0.7 0.3 0.3 2.7 15.7 
28-Apr 1.7 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 
02-Jun 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
10-Jun 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
12-Jun 2.7 0.3 0.3 2.0 1.3 0.7 12.7 1.7 10.3 
17-Jun 46.3 4.3 27.0 523.3 17.7 12.7 306.7 14.0 49.7 
22-Jun 14.0 0.3 0.7 0.0 11.3 3.3 5.0 0.7 0.0 
Average S.Oab 1.2b 3.9ab 65.0a 3.3ab 7. lab 51.4a 31 .Oab 12.6ab 
(flow wt.) 
Fecal Streptococcus (CFU/100ml) 
Date CTL FIIX FI2X FNIX FN2X WBIX WB2X SIIX SOX 
08-Apr 1.7 0.0 0.0 5.0 0.0 76.7 267.0 0.7 13.7 
17-Apr 11.3 3.7 24.0 26.7 2.7 14.0 1.0 9.3 2.7 
28-Apr 3.3 0.0 0.0 0.0 0.0 0.3 1.0 0.0 1.3 
02-Jun 0.0 0.3 0.3 0.7 0.0 0.0 1.3 1.3 0.0 
10-Jun 0.0 3.3 1.0 0.0 0.3 5.7 9.0 1.3 1.3 
12-Jun 66.3 29.7 26.0 73.3 64.3 34.3 102.3 70.0 73.3 
17-Jun 277.7 28.3 236.7 4386.7 1155.0 147.7 643.3 416.0 367.3 
22-Jun 63.7 23.0 20.0 178.0 35.7 11.3 229.0 35.3 221.3 
Average 21.3b 25.2 lab 111.4ab 503.0a 161.50ab 42.0ab 152.2ab 71.2ab 110.3ab 
(flow wt.) 
E.coli (CFU/100ml) 
Date CTL FIIX FI2X FNIX FN2X WBIX WB2X SIIX SOX 
08-Apr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 7-Apr 0.0 1.3 0.0 0.0 0.0 0.7 1.0 0.0 45.3 
28-Apr 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
02-Jun 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.7 0.0 
lO-Jun 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
12-Jun 1.0 0.0 0.3 3.3 0.3 0.0 4.0 0.7 3.0 
17-Jun 0.7 0.3 0.3 23.0 92.7 3.7 7.0 1.7 5.7 
Average 0.7a 0.3a 0.2a 2.3a 12.7a 1.0a I.Oa 0.5a 7.1a 
(flow wt.) 
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Table C-11. Bacterial densities in subsurface drainage during 1999. 
Fecal Coliform (CFU/lOO/ml) 
Date CTL FIIX F12X FNIX FN2X WBIX WB2X SIIX SI2X 
06-Apr 0.4 3.0 4.3 123.0 0.7 0.3 6.0 0.4 2.0 
13-Apr 5.8 0.7 13.1 5.1 52.2 0.7 26.3 0.8 0.6 
28-Apr I.O 0.3 2.3 1.9 0.7 4.9 8.2 1I4.I 0.6 
10-May 0.0 0.0 0.0 0.6 0.0 0.2 0.5 0.0 0.0 
12-Vlay 49.4 3.8 3.5 13.7 6.1 I2.I 5.8 3.0 0.0 
18-May 12.8 5.8 5.5 5.4 12.7 8.7 5.1 1.8 0.0 
07-Jun 0.9 0.0 5.3 55.4 2.9 11.7 13.2 0.0 0.0 
28-Jun I.I 1.4 5.0 1.3 1.6 0.9 4.8 3.7 0.8 
06-Jul 0.0 2.9 2.3 1.0 2.1 174.5 129.3 29.8 3.3 
Average (flow wt.) 11.7a 2.0a 4.7a 33.5a 12.9a 9.6a 10.9a 35.3a 1.0a 
Fecal Streptococcus (CFU/IOOml) 
Date CTL FIIX F12X FNIX FN2X WBIX WB2X SIIX SI2X 
06-Apr 3.9 4.0 26.0 1.0 41.0 19.0 262.7 0.0 7.0 
13-Apr Il.g 5.3 15.4 1.4 2.2 5.6 37.2 0.8 3.0 
28-Apr 5.3 3.3 5.7 3.0 8.4 4.7 6.3 8.7 4.3 
10-May 0.0 0.0 1.0 0.0 0.0 1.6 0.8 0.0 7.8 
12-May 225.6 155.7 177.9 164.6 647.6 224.6 725.1 II9.I 693.5 
18-May 103.5 65.9 33.1 62.0 79.9 146.9 76.8 166.3 55.0 
07-Jun 8.1 l . I  0.7 7.7 1.0 3.1 28.1 2.3 3.8 
28-Jun 15.2 3.2 3.8 0.0 3.7 15.5 20.9 17.4 20.6 
06-Jul 56.0 57.5 53.1 99.5 141.7 1191.2 1024.5 109.6 177.7 
Average (flow wt.) 0.6b 0.5b 0.8b 1.0b 2.0b 2.3b I 5 . I a  6.3b 1.8b 
E. coli (CFU/IOOml) 
Date CTL FIIX FI2X FNIX FN2X WBIX WB2X SIIX SI2X 
06-Apr 0.0 0.0 0.7 1.3 3.3 1.0 29.0 0.0 2.0 
13-.Apr 1.5 0.0 0.0 0.0 0.0 0.4 40.5 0.0 0.5 
28-Apr 0.7 0.3 0.7 0.0 0.4 0.4 2.3 0.4 1.0 
10-May 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 
12-May 0.7 1.7 2.8 2.4 5.0 0.3 8.5 2.2 9.3 
18-May 0.9 0.6 0.0 1.2 1.7 0.4 1.2 53.6 5.0 
07-Jun 0.0 1.0 0.0 0.0 0.0 6.1 5.6 0.6 0.0 
28-Jun l . I  1.4 0.4 0.6 0.0 1.7 2.1 0.5 0.3 
06-Jul 3.0 0.4 2.3 9.7 4.5 53.0 82.2 1.0 4.3 
Average (flow wt.) 51.6b 34.2b 33.9b 38.0b I47.4ab 96.3b 231.7a 44.6b I01.4b 
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Table C-12. Average bacterial densities in surface runoff for 1997 and 1998. 
1997 
Treatment Fecal Fecal Fecal Fecal 
colifonn streptococcus coliform streptococcus 
CFU/lOOml CFU/lOOml CFU/lOOml CFU/lOOml 
UAN 168 kg-N/ha 19233 47500 7320 89067 
Fall inject IX 4650 41167 24407 158333 
Fall inject 2X 8625 49917 3817 28435 
Fall new inject IX 181250 203750 4340 59233 
Fall new inject 2X 34000 104900 4820 211867 
Winter broadcast IX 15200 39025 11000 48933 
Winter broadcast 2X 10950 29083 12500 76067 
Spring inject IX 4367 44333 5240 32200 
Spring inject 2X 11650 28500 14514 54267 
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APPENDIX D. Field Crop Data 
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Figure D-4. Average soybean yields for 1997. 
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Figure D-6. Average com yields and stalk-N for 1999. 
149 
APPENDIX E. Soil Column Data 
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Table E-1. Bacterial densities in spring soil column leachate for event 1. 
Event 1 Fecal Coliform E.coli Enterococci Volume 
Column (CFU/lOOml) (CFU/lOOml) (CFU/lOOml) (ml) 
Spring control 1 <1 <1 <10 300 
Spring control 1 <1 <1 2 300 
Spring control 2 <10 <10 1 400 
Spring control 2 8 10 <1 300 
Spring control 3 <1 <1 5 300 
Spring control 3 <1 <1 31 300 
Spring IX 1 580,000 640,000 32 300 
Spring IX1 600,000 610,000 48 300 
Spring IX 2 530,000 500,000 30 250 
Spring IX 2 520,000 570,000 24 300 
Spring IX 3 550,000 570,000 66 400 
Spring IX 3 590,000 460,000 58 300 
Spring 2X 1 1,000,000 960,000 52 300 
Spring 2X 1 1,000,000 990,000 70 300 
Spring 2X 2 990,000 1,000,000 150 350 
Spring 2X 2 700,000 680,000 86 300 
Spring 2X 3 510,000 420,000 152 450 
Spring 2X 3 460,000 440,000 110 300 
Table E-2. Bacterial densities in spring soil column leachate for event 2. 
Event 2 Fecal Coliform E.coli Enterococci Volume 
Column (CFU/lOOmI) (CFU/lOOml) (CFU/lOOml) (ml) 
Spring control 1 <1 <1 83 325 
Spring control 2 <1 <1 <2 330 
Spring control 3 <1 <1 <10 440 
Spring IX1 98,000 190,000 440 301 
Spring IX 2 85,000 210,000 100 480 
Spring IX 3 57,000 62,000 55 325 
Spring 2X 1 220,000 240,000 150 500 
Spring 2X 2 77,000 170,000 160 420 
Spring 2X 3 22,000 57,000 20 400 
*Leachate samples from spring columns were divided by time of collection for event 1 in 
order to detect bacterial changes between first and final flushes within the event. None were 
detected and samples were composited for the remaining events. 
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Table E-3. Bacterial densities in spring soil column leachate for event 3. 
Event 3 Fecal Colifonn E.coli Enterococci Volume 
Column (CFU/lOOmI) (CFU/IOOml) (CFU/lOOml) (ml) 
Spring control 1 <2 <2 2 198 
Spring control 2 <1 <1 <1 320 
Spring control 3 <1 <1 <1 520 
Spring IX 1 1000 3000 <10 395 
Spring IX 2 6300 9900 27 475 
Spring IX 3 6400 17,000 <10 195 
Spring 2X 1 2700 2700 650 500 
Spring 2X 2 21,000 25,000 110 415 
Spring 2X 3 5500 9100 50 480 
Table E-4. Bacterial densities in spring soil column leachate for event 4. 
Event 4 Fecal Colifonn E.coli Enterococci Volume 
Column (CFU/lOOml) (CFU/lOOml) (CFU/lOOml) (ml) 
Spring control 1 <2 <2 7 180 
Spring control 2 <1 <1 <1 280 
Spring control 3 <1 <1 <1 440 
Spring IX 1 1300 1000 <10 170 
Spring IX 2 2500 1800 82 350 
Spring IX 3 1500 1300 <10 50 
Spring 2X I 2000 1900 80 360 
Spring 2X 2 5200 5000 3400 140 
Spring 2X 3 15,000 16,000 <10 240 
Table E-5. Bacterial densities in fall soil column leachate for event 1. 
Event I Fecal Coliform E.coli Enterococci Volume 
Column (CFU/lOOml) (CFU/lOOml) (CFU/lOOml) (ml) 
Fall control 1 <3 <3 <3 980 
Fall control 2 <1 <I <1 820 
Fall control 3 <1 <1 10 720 
Fall IX 1** 4,800,000 3,700,000 1200 780 
Fall IX 2 690,000 650,000 60 740 
Fall IX 3 430,000 370,000 70 680 
Fall 2X 1 890,000 900,000 310 780 
Fall 2X 2 650,000 900,000 73 790 
Fall 2X 3 420,000 360,000 30 920 
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Table E-6. Bacterial densities in fall soil column leachate for event 2. 
Event 2 Fecal Coliform E.coli Enterococci Volume 
Column (CFU/lOOml) (CFU/lOOml) (CFU/lOOml) (ml) 
Fall control 1 <1 <1 <1 500 
Fall control 2 <1 <1 <1 430 
Fall control 3 <1 <1 <1 310 
Fall IX 1** 340,000 350,000 91 460 
Fall IX 2 32,000 45,000 <10 440 
Fall IX 3 110,000 130,000 80 300 
Fall 2X 1 71,000 87,000 20 420 
Fall 2X 2 34,000 35,000 30 550 
Fall 2X 3 41,000 35,000 <10 430 
Table E-7. Bacterial densities in fall soil column leachate for event 3. 
Event 3 Fecal Coliform E.coli Enterococci Volume 
Column (CFU/lOOml) (CFU/lOOml) (CFU/lOOml) (ml) 
Fall control 1 <1 <1 <1 500 
Fall control 2 <3 <3 <3 425 
Fall control 3 <3 <3 <3 350 
Fall IX 1** 24,000 11,000 <10 320 
Fall IX 2 2300 1800 <10 335 
Fall IX 3 3400 1900 10 160 
Fall 2X 1 5400 3900 20 120 
Fall 2X 2 2000 2100 10 300 
Fall 2X 3 3300 1600 <10 410 
Table E-8. Bacterial densities in fall soil column leachate for event 4. 
Event 4 Fecal Coliform E.coli Enterococci Volume 
Column (CFU/lOOml) (CFU/lOOml) (CFU/lOOml) (ml) 
Fall control 1 <1 <1 <1 480 
Fall control 2 <3 <3 <3 360 
Fall control 3 <3 <3 <3 300 
Fall IX 1** 7500 7100 <10 320 
Fall IX 2 870 1700 <10 260 
Fall IX 3 2300 3500 <10 120 
Fall 2X I 730 1400 10 100 
Fall 2X 2 1600 1900 10 125 
Fall 2X 3 1300 1300 <10 120 
** outlier 
